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'HE production of a book of this kind in England since the war 
hhis indeed become a formidable task. Each stage is com- 
jleted only after such serious delay that revision at ane time 
|) providing reasonably up-to-date information becomes quite inadequate 

long before 2 book goes to press. The adverse conditions under 

Which the British publishing industry Inbours are the writer's excuse 
© for the untidy final state of this trestise. Revision was completed 
in 1946 and during the ensuing four years of delay much additional 
\| information had to be added of inserted in order to cover the con- 

temporary situation at the eventual time of publication. 

Significant advances in the technique of motion picture colour 
film during the last ten years are without exception the outcome of 
chemical research, All important processes, other than Technicolor, 

) Stem from the concept of the formation of coloured compounds 
5 (OF their destruction) in the immediate neighbourhood of the de- 
* veloped silver image. So far such an approach necessarily involves 
several coated layers, The high cost of the manufacture of such 
materials has so far kept the price of colour film too high to admit 
of its universal adoption, nevertheless the proportion of colour films 
made has steadily risen in recent years, IL is dificult to conceive that 
there will be any sensational advance on chemical lines during the next 
| few years, On the contrary, one good reason for expecting invention to 
__ shifVits point of departure once more from the chemical to the physical 
is that the technique of television in colour will in due course bring 
about entirely new electrical methods of both recording and reproducing 
) coloured images, There is nothing fantastic in supposing that the 
whole chemical basis of the photographic record may, be already 
on ils way to the museum, in whieh case the contents of this book 
will have become of little interest, 

The public history of “ processes” of colour cinematography is 
on the whole discouraging and disconcerting, but the reader may be 
assured that the private history is hardly credible, and will, if ever it 
be made known, constitute a singular commentary upon the: lestst 
rational aspects of our society and its culture. At times the scientist 
‘must suffer a fit of discouragement when he contemplates the achieve- 
fmonis of the colour film in the world of entertainment. Must all 
that analytical prowess, all that mathematical esthetics, end as coloured 
plastic buried in the vaults of the British Film Iostitute? 

‘When the names of the pictures in a catalogue und the numbers 
v 
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‘on the cans are all that remain, itis stimulating to ask why the golden 
light of a four by six inch Turner watercolour will outlive and out- 
shine the once famous“ glory" of the film. We must console our- 
selves by supposing that the true reward for the pioneers came and will 
come in the educational field, in medicine and the sciences, and in the 
domestic record. 

‘The writer's personal view is that the wsthetic content of the art 
of colouring in films has so fur been of a very low order. In the 
so-called fine arts the use of colour as a means of emotional expres- 
sion has only very rarely achieved great significance, but there are 
certain Persian rags and embroideries, and some Chinese ceramics, 
in which the colouring has for the trained observer a singular nobility 
of sentiment comparable to that conveyed by music. But these: were 
‘not the ereations of ordinary men, they were the supreme efflorescence 
Which crowned the tradition of @ thousand years, the end-product 
of un evolutionary process which began in the tents of nomads and 
ended in the palaces of enlightened monarchs. 

But why should we castigate the mikers of films measured 10 the 
cultural level of the average citizen of the democracies for lacking 
values which have never been assessable by. more than one in a 
thousand? The film show is a commodity, like ice eream, prepared 
to titillate the juded anntomies of pert shop-girls. The film is ersatz 
life, the final ignominy in a doomed civilization, the last shadow 
with its writing upon the wall. We are here concerned with the urt 
and science of casting moving coloured shudows upon a dead sereen 
in such a manner as to deceive the eye by simulating reality, But 
Pothaps these shadows have no more and no less substance than that 
reality they set forth to, reproduce, in which cuss our rather superior 
scorn is hardly justified, 

The author acknowledges his debt to nearly every firm engaged in 
manuficturing of processing colour film, and to many technicians. 
Particular acknowledgments ure due to the following firms, all of 
whom have provided data or given their permission to include extracts, 
‘or to reproduce figures and illustrations, from papers: Eastman 
Kodak; Kodak Limited: Du Pont de Nemours; Ansco Ine.; Techni- 
color Inc; Photo-Produits Gevaert; Dufay-Chromex Limi 
Gusparcolor Inc.; ‘The General Electric Company, U\S.A.; The 
National Carbon’ Co. nc,, U.S.A.; Mole-Richardson Inc: The 
Morgun Crucible Company Lid, Cinecolor Inc, Permission hits 
been courteously granted by the Society of Motion Picture and 
Television Engineers, U.S.A., und Ansco, to reproduce certain papers 
complete. If permission has not been obtained in every instance of 
‘quotation, especially from the Journal of the Society of Motion Plewure 
and Television Engineers, the author apologizes both to the Society 
and to the authors, but effort has not been spared to refer the reader 
vi 
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fo the source in every instance. The same remarks apply in many 
other cases, as in a work of this type the compilation of extracts 
from existing papers and published material in every form is inevitable. 
In previous prefaces acknowledgments have been given to the Con~ 
twoller’of H.M. Stationery Office and to the Controller of H.M. 
Patent Office. 

Finally the author expresses his gratitude to Mr. Sydney Groom, 
B.A, of the Science Museum, London, for his patient reading and 
correction of the proofs, and to Miss Joan. Crawford for typing the 
‘manuscript and compiling the index, 


ADRIAN CORNWELL-CLYNE, M.B.E, 
Lonpon, 1951, 
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time has at last arived for the delicate inatrument fashioned by so my 

treatin a unborn fo be Banded ee oth res of 

ins tothe producers und thet army of asscans, tect ical and non-technical 
for them to ss tet alent and there oelinatiens perm, Cinematograpy in 
louse taken tiny years to bring tots present stage of lena developmen 
SSRE ahi ended ot ist makes peaceable commercial production on the 
Seiad oS Men of many patonallis contributed to the soltien of the problem. 
EGEETEs have een spent by private fadivduate Millions of pounds have been 
meses by the pencrol public (Probably not fess than three, and perhaps Gv 
ievfige pounde) "Wet there has been litle to show for allthis effort We know 
Thuthe lonsery could not have been successful unl subsidiary problems had been 
Sojred hich iad a direct bearing upon tbe man research, and these were problens 
TPA Mimcaly. The sped of emulsions hed to be mulipied bya hundred.new. 
Silvers nd be discovered by the photoechemist, und studio tlumination ad 
{5 be enormovsly increased tote there was the remotes hkelthood of making ft 
insur colour prasteable. : 

“Tn bastery at invention teaches us that progress is rapit wid continoous when 
‘nae ins Fgh way to do someting hae been revesied. 1c ks climbing an entrely 
Geo Mounaion hal de bate is won If we ean chooks the most practicable 
saree were wo many attractive short-uls to milead the eat workers Who 
sou fo ec cnzmaouany iy claun For amples Ike ht a he 
ork lnvahed upon the ndaive= method of synthesis, io which three separaie 


images in the ‘coloury are projected in superposition upon the screen, Was 
ABREG, though for many yews thi uppenred to of a simple and elegant solution. 
“The ‘and technieal problems which the artist must solve in the ealour film 


‘are of greater complexity and difficulty than in the art of painting, s0 that itis likely 
ues cnn ey Sanna eee 
decease al paternity ocpang ae 
ee cr ren col fe a 
‘physics and chemistry are ready to obey his subtlest directions—nevertheless, the 
Tokers of mind demanded are Of & higher order in 39 (ar as colour composition, 
im time adds another dimension to the geometry of his imaginative conception. 
Vulgarty is invariably the outcome of the gift of self-expression which applied 
aig me he one fa of re teh 
Serena een Sey sti i 
wes ednact Guicmmneraemen) Mane 
oe ee 
‘indoubtedly works oFart, But is any purpose served by-discussing the creation of a 
sgenteec renee nu ee rage eeanatmaads 
Hie ences bec ofa Rue cro emcee 
films would be the first to assert that the categories of urture by the nature of the case 
Si mec et eae ey 
Ioccr is inereted In technical principle of colour composton ax an adiional 
specialist aspect of filmi production only in so fir as such principles can enhance the 
ope tee pate gee er 
THLE Teioiaed ona cute ne etheticbelance cra fins map come nto scual 
SRR eRe nscale pace 
fhceonditions of work of art and of commercial succes is absoluely fueamentaly 
Fae ne ee ve et Marmenan he wll ts tos pt ot igus 
‘cee tpn el, any ot 
wpb senttn htearyetsio: tn into 
cartoon st ining of the highbrow. In this we 
actually approach the conditions of a work of art, Imagine the possibilities of this 
sein pe ani af fo fa Hee pe 
viii 
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caprice, and al times a singular delicacy, an almost feminine tenderness of 


Tout ram Ihe time he introduced colout into his films to the present 
‘has filed to bring his colour as an expressive factor up to anything ike 
the level of the ret of the work—the aniuation, andthe petorial savention. But he 
{Sienrning to bea colorist by degrees, and we may yet see some unforgettable colo, 
that i colour which, by is emotional inteasty. and by is significance, makes & 
Permunnent contribution to our imaginative lie, 

“Whatever we may say about colour composition in ap art in which movement it 8 
factor we must observe the truth that ax-an expressive factor colour in self must Be 
fabordinate to other factors which sve reccgnize as outstanding inthe talking picts 
Tis inthe isck of recognition ofthis subordination that some of the worst mistakes. 
‘hill be made in the cary history of the colour film. Becuuse, unless the coloration 
Retunly conteibutes some further value tothe power of the impression made upon 
fied br the Blin ax 8 whole, lis presence is unnecesery, andl even disturbing and 


Mt has ofien been observed that the addition of sound to the fim altered the 
evolution ofthe art ofthe fim radically. Its beyond dispute that that is what actualy 
Sccureed. Although ‘never since Gexsed criticizing the fact that visible 
Riovement was the Al's principal expressive means, and that sound must always, 
Desabordinate fo visio, the fms of the last Few yeirs have made the sound 
STednty fess Important than the vile action. In ei," One Night of Love, 
Wie eas the more forceful, the singing of Grace Moore, or the pictorial background? 
“The sounds of Grace Moores voice Wereso lovey that ey would ake nteceoces GF 
almost any visible sxpect. Note that Ore 
ee ar Riot, This increasing value of the sound factor i Hkety to receive further 
mare rom the series of pictures which are about to te made of operas, How can 
ThePviatble movement, the pictoriliztion, of ax opera: possibly possess value 
Above that ofthe sound? 

“Toe ieal artistic ooditions cn ony exist in some soit at of the Ture och 
as tht faly Uiscused inthe writer's Colon Mes The Art of Light In he mea 
fine the sound-fm ia hybrid ss an artform. On vorne occasions the seund my 
ferhe tore important factor, and in others the picture, Bust the pols, that intro. 
Shced into the him in its present form colour cunnot take precedence in the story 
telling of either the action or the sound. Ikcin only assist, How ean it aust? 

1, Ttcan induce a mood in the observer. 

2 ean coment etn won some 98 a in the picture plane. 

3 It can assist the impression of sequence—the approach to cries, and the 

secession therefrom. 

44, 10am emphasize, or even bring about an increase in the iluslon of spatial dept 

Sai thi dimension—by nerial perapective, and the plasticity ofthe warm- 


£ 


lu 














cold hue opposition, 
5. By appeal to one Of the four types of psychological perception’ it can provide 
“subjective comment on the dramatic situation, 


6. nae helabienBeneraly the senuiment of reality; owing (0 the Thet that 
formal vision ites the sensation of colour. 

‘The rarest characteristic in the commercial films of the day is restraint. In 40 fur 
as colour olters to the ditector s powerful means of emotional enforcement,‘ 
inevitably follows that the unthinklag fm-maker, fort the fest Glo 35 
‘Soiour ey an opportunity tomaks, proces to xaun th rorale DNS 
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1. Us. but hopeless 1 suppose that when colour comes ta be generally used the 
prodicers wil exhibit any: restraint stall, Already the tendency is for colour to be 
{hed a the fe ms which ave boon made ira gana prt oa 
AdveriSement hoardings. The Hist inspiration the art direst h 
Bure and unadulterated spectrut red, poerallycoutrasted with bish reeaa the 
Simplest and most obvious of eompletventaryinecvals. But let ux Dope ie i ony 
4 temporary sage inthe evoation othe fit colour sone It wl tke ery vest 
‘kt 0 contra the colour saauby that te audience is hardy awnre Of the prewte 
Df colour in the pictur, save in those moments during which ihe divetor mies the 
fudlenes 19 concentrate on some colour ineiden us efor 

“This book wy sient to make a broud survey ofthe frrdory Which the pioneers 
have exlored. We rs now ina positon fr tha lst nev forgstexpeiaentat 
and to make use of colour ts conition foward a that end, wes 
always remember the making of geod fom: 

in them, world bere is such woeful eck of knowledge of fundamental 
ayia nao dh part of se wohl tet ue ighty 
Dt the relative merits Of mang’ sored ew processes, that 
Mas made available relible treatise on the subject of colo cinenaography. AN 
‘davousr has boon era fo roe ths requirement, 

Tin let a preset more ha «suey of th sy oe uc 
Ko ele cnn th nt treo Es. Walls rea nor. ay 
8f Three-Colaur Photography. The object hat been to ive the reader rela 

ian of recs nw eit worked tnd oan mpl elie of he 
inles'upon which al syatern hive been based 

Mites vcknowiedinenia are die to the Costrolle of HM. Stationery Office 

and oth outer of HM Pato Otis er erin pie ram 
‘zrain patens an to repreiuce some of the figures in Special Report Seven, No. 
135, of the Medical Research Counel, Londons Permision bas uso kindly best 
sven by the Editor of the Journal of ike Society of Motion Picture Engineers vo 
feed cri diagrams sh fo rin exacts fom inal paper. Ms 
Taplor, Taylor & Hotwon, Lid the Esto of Nanue, and Mie-HLW, Vs have 
their consent ta the reprising Of the nterestiog account of The Lenses Employed 
in the Technicolor Proce of Cinentograply. Th assbtance when OY any 
Hse in expiiting cla roses haa ben pry vata Where 
invoratlo rearing process anya perhaps inaccurate hs Ue co the 
Anwllingnest of the awn oF the proceso dvulpe tutto 


Lonoon, 1936, 
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AE a pa aon el sr ange 

}book. no new process of colour cinematography hws been made commercially 
Doge uate fai cee te 
Aci ot nnn gear oh 
Aeroalirecnenaetae terrence peyote 
Uhre subtractive primaries are similtanoously formed in the three Javers turing the 
development of a reversal r, all silver being removed afterwards, Statements 
have been made that this interesting product will be available shortly for 3S, 
Riomores eave ceceat cami 

ioe eee acca ee erate 
atop snafu gre tacoma came 
smal fs wena become Cat a 
ein rit oan in. Gort bret 
him, methods of copying, and colour-developmient. 1G. Farbenindusirie Akt, Ges, 
Jung gore varonn aspect af olourdevelopment in ome nay pate a tal 
‘Kodak have been working in the same region ‘evidence by over forty Hew patent 
; 
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‘In 1939 we find three processes sharing the bulk of the world’s demand for 
bees ‘motion picture 33mm. colour film—Technicolor, Dufaycolor and 
sparcolor. The prowess made by Dufaycolor has been hiss Rel ‘since the first 
successfial ‘of negative-positive processing when the Coronation film was 
Seen Ras erga ee 
Crates vt eae 
chara ae ee? ye aS ml 
secre ieee 





Parte, though it in this direction that new efforts seem mainly to tend, Among 
thet prismatic proposats we might mention V. Hudeky’s (E.P. 444,061), This 
prism Belongs to Classification 3D (ace page 337), tere being tice objectives bebind 
pram system and three aubvatandard pictures In the space of one normal frome. 
Further patent on the Brewster camera fs E,P. 430,673, Two-colour bear-spliters 
reminiscent of Rayeol reemerge in Thomas and Bryan’ E.P. 453,221, One would 
Re hough at in hig Yr tt apc of nrc on Preset The 
‘ery complex prism described in Bellingham and Stanley's EP. 439,664 was desunes 
Tn accordance with the writers requirements, for Gaspascolor, in 1935. A. casain 
Amount of practic! work wns accomplshed, but it was found extremely difficult to 
etuin perfect regatration Of the enlarged sub-standard negatives, even Ihoualt the 
‘riginafe were quite fre from parallax erors. This prism Is used in eonjunetion with 
Hellingham und Stanley's EV. 451,274, which covers an ingenious arrangement o 
the three tubestandard frames spread’ ever (wo normal frames, A Hl Kanifer 
proposce (o take (EP. 469,359) and project (E.P. 478,766) four coloat whestandard 
Feourds In successively exposed pals. 1 Klaver describes a four element prism 
Seinented ibe giving tapes on three fly the divider being Debio the objective 
Cera aaa le ped silat Ceanapte a 72, wh 
SGiour filters introduced seithin the block "= x0 chat any stray li reflected from a 
portion ofthe prism fying beyood the reflecting plane responsible forthe formation 
Brn lateet| image wil, when linally emerging from the face of the prism udjacent to 
Hl eh mao eer, is Uh Wi eer 
fog biteris capable of transraiting, oF, ita photogniphic emulsion is used, which does 
ot rege such iter, which te cnullon i capable of recording” Tis pein 
ck ery wel indeed Tes dau, ower, camer wil ever be made to 
Alegamnmodate I 

W. Hi anid E. C, Harriton describe a two-colour teanvspliter in BP, 473,782; 
ere Shows a semi-transparent mirror and e prism i front of « pat of 











ear et avoniing tne aual we sobrstandar dates wai the Rea OF 
nc normal frame,” Further Hillman patents are LP. 47% $00, 478,301 the later 
‘cating with auditive theee-colour projection: more ately be has turned hs attention 
enSstolour tenrapiiaer of consiierable complexity, Et, 483,817, 481809, 
‘Baik, sto 29438. Le Hort Wool ike ae (0 helo eon, 
‘sy de eto the tn, arly an unnecessarily dealt procedure 

alls of ceourrcor huge ranged sie fy ae a ie uppermon are po 
vided bo A complex esmeapliter patented ty ‘cosmocolor Corporation, EP. 
$esSad ad $7440. The urngoment onthe fn the sume e the Bush process 
$87 38 ata), Commocolor na two-color subtractive process Of nora} fYPE UNE 
ses Pade dablocoated postivestock. Creummay he substandard reeonds are 
ergy an opel peat and te aes toned by A valant f the org: ot 
Here ag methods It reported ae felng the invention of Otto C. Gilmore, 

gan nin Py efor devoted tothe design of earrspliters very ile sei 10 
ave rae 3 a co ccnp pmtcale ae Jd, 
pave ung propostions which have long since beet aiedevied, 
ere he sonia tes saa one That singular species of 
or renucltated Wi per alma in lose proximity to colour phologapic develop 
snug ho ser Snow whom to be mort astoyed with the on 
tment. One dosin iow yecrtunly no necesito besymnpadheticabot theaters 
ISS en er an msn oral Moto coon at Nace 
ready and wig eI TOS cla age frm the general al 
nc ae pice uc and-white Mn woul ohh eave fo ent a 
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OF Oe meet atom of the nie pate cinta tr 
“Soir. We know now tac thins dm tu out nex tha wey nr which a 
ftiated tat toy would Toray i039: here nollie aan ne 
Feaston to colour of idiitanl embers of uence, Whee cloarseoation 
iconseedevesenesancapc Toll soroane tie sku fener 
familar image frailyceprodaced when he mks it doey ont comerpand fo it 
normal vin eypenence io molt um, f'me can judge ty his tection these 
‘Sezasons Heiss unquestonshty eid a esert tat thre fe someting Wne 
Sith the color, as he woul be to observes spparntGatortion ef fom. Yetcaout 
‘Gohoicansunfattnely doce fim of lack of knowtedge oro aly oberon, 
‘Now such accusations sre only ustifanle proved at we sure a sents 
thar fie anne of the exc py i toga! ian mh 
‘whi the colour motion picture must continue for any sears Wo font, 
steiner fe aul aot Seni tober of ie ato the 
comvention “he i cose to secept os representative of resi ned from 
sit far there ares 2 seo eu Wich we aca pisces of 
reine 
“The recognition ofthe cious transformation which the orignal has undergone 
stay takes the fore of doubt as fos osuray: which only what we soul 
xyes, the ation of colour to the tage being saumed to bea further sage o> 
suns the achictemen of te Ilo 
“Te reaction of diferent indfiduas to he colour lis material of érmense 
incret to the payctologit. Thowe of Us who are Gly rowan! Mito conse Wilh the 
irecenclable opinions of pedple mo Vw colour tes, tod ouster aerating 
ten it sed poe and peed webct depen Woh 
‘whether x shot is conderaned for being on the one tan tou blue, when reboot 
to be aecurste, or on ine oder tani praised ts bee rarvel 
Privately we ave aware att poses tons, 
ates are the most astfctory people of al 9 whom to how cold fis. 
“Tey are vans apnreciatve upd never shits! of the usson fia tem 
‘ole gt hini bt Samed eff niet ened och up 
ibis Since colours or ilcreing colour ot poor co 
a poet ee 
tibatrs and exhibitors it lays “al wrongs’ and Sat 
Sth Seta has bende abt es wal canbe capes inthe nae 
bey 
‘Mont cinemgeers acm to arc that the colour fi is more rel than the 
bcd in aah th geal eatin hat, of cour ey ate Bt 
“0 those ‘atl ely colour ta, but to the most reset Ones 
conditions of artistic unity, theorealy. a cay fequted the Coloration 
Of he moncctuois unupe, ons ibe exten teatime Ue found Sepeootaion 
Spice he ela tare eval Only heap 
ober geal mn arin tape fan aaa suienly enet o be 
ome ‘he colour lm may fl to scieve the ire eli hoped 
ford th din at ons move tek arta tne 
‘ettioal miaions of test Sins mover fro eatom towards he 
AG fat at form Ha such peecaons wih sfc wl ener be te 
‘ind the average citema viewer. or him th clout fim i move rele Ihe 
ot ouely sale Hi of fmterest so pul ormurd the probable reasons (OF the 
‘eave ese uneasiness che peeved aps se au wan people 
4p dead he problem roe omental at baka should Syme 


Ot the fundamentally usferent stmits organ from the screen om compared 
Wi that derived from vision ofthe normal three dincslonal worlds 


“he prinepal i are those: 

‘upper limit of perceptible brightness difference in the imape derived from 3 
natural exterior may be hundreds of times greater than that af thesceeen isle: 
On ti te and deol fas moved up, a he en ea 
gaps scale may the same proportionately: The psychological efi of. 
ii brightsese let of adaptation i, howetet. not Wenieal to at of 158 
Jevel, quite regardless of the differences perceptible in the contrast scale at 
‘gy Bien adaptation level. In other words it does not maiter whether ope 
‘san see a limit of one hundred degrees of uiiference in 4 brightly lit exterior 
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eerie of anton, he 
‘of adaptation, 
ee dee Sine pool sceen a” gloomy = 





9 i 
There ts distortion in colour (density diferences recording colour 
aiferesees) at the "upper and (Omer limits of the photographic 
fecord, By rapid ® local "adaptation the eye can appreciate focal colour i 
Shadow areas under natural conditions of vision, No visual apparatus can 
sorrel a distortion. 

4 rie reproduction ranwef clout te ses he 
Moeligient of 2 given set of reproduction primaries. The area cn & chro 
aati diagram enclosed by these primaries will only comprise & part of 
the totality of colour perceptions. 

5. At the eve by muscular ovement fs caused to receive on the fovea tbe varying 
‘pais on naling inthe exterior three-dimedsional eld, a range of sensation 
Giiirentiation ts perceived. which t= much greater than (and qualitatively 
Gitetont qo) that derived trom a. two-dimensiont) screen-imaye source of 
reutely am rigniness, providing nthe relia « eerespondingy ow 


Adaptation 

bee eet of the Uluminsted screen area, perhaps ust filing thefoves, against 
Saar orreundings is Vou experience bescing nd Telaton to mages of 
the narra wor anton fo oeewg teeter worl tro 

Feat Of the brightness rang result in distortion of colour which 
or ological dasatisacion. Bhi skies seem (oo dark and (oo bis, 
Shadows ton black and empty. 


“The errors of jadument 10 which ean beagcribed many defects are peculiarly likely 
to be encountered by manufacturers of special film stock for coloue enematograpby 
SEER atti oF sue of seoniized product in the open Market make i 
Shoraticeble for a manufacturer to provide a stuff af technical murses wating 10 si 
tiv ahe side of every cameraman who has purchased a few fest of film, Nevertheless 
{y.'Biteme care that the Technicoloe authorities. have exercised to ensure, that 
Hobody shall be permited to use the special camera equipment without supervision 
nd control has been the key to the high standard achieved by this proces. 
Were it a8 easy t spot errors inthe photographie tectunique of monochrone s i 
Judlence would be much more critical of photography than they are, 
‘git ieapable of remarking aay cual parc 9 fy 
as phot is concerned, for the level of the photographic technique i ly 
50 low that were an exulsion chemist 1 find in the audience be might be 
Rated from wondering why he should haveslaved for years to provide this thankless 
Indy wi bt mice of apni see the modern hiehspeed morion tae 
of ro fan equally perfect positive material. It 
Flot negate °C rous to rele upon theft tt te sles ecorf tagnied 
fasion work info a considerable catastrophe, the error being glaring to the least 
1 Siigent oF the audicoce, and that benceforth the technician will not be able ro bide 
Hare aeeerpetence behind & foo}proot fin, Unfortunately, for some time to come the 
a a eranrer mill probably. be blamed for all misuse of his product —until such 
vill tha cera operators ivarisly on 

















‘even ialeliget 
Eblour science, much lest the iagination of creative ar it my well be 
sence, uc JE cythng realy ew uo Lrg from a Forth of enter 
ered 7 miluons of untrained und careless obververs. Yet 
{alee Pei to few ren oF women Of developed taste and anstic culture are 
aged upon the desig offi 
Ho ei proctical advance, the list two yeary are very impurtant in 
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the hitory of colour yor th aso hat dain th patio haha 
been lid down a permanent foundation of theory upan WHER itis are 
Structures ofthe ature will have to be bull. Fort wock tilts iesosee eta, 
field ace indebted to Prot. A.C: Hardy, whose Handbook of Coloinunss and Bias 
af Thee-Colowr Phavarapy si ofthe hist inportaes: ahd the ae tae 
The Theory of Audie Thre-Colow Photography. by De: Ge 8. Harken aed 

Hs HG. Urea ho Anubis hes n Cola Repaducton, by Bi... A. Spans 
tnd D. Murty, 

"The C1.E. Datibution Coofcients are given in ths etion on page 241, ind a 
sésumé of the methods of evaluating the chromatfcty co-ordinates of coiety tense 





of the tables given in Prof, Hardy's Handbook of Color 


The author is much indebted to Mr. Sydney Groom, B.A., of the Science Museumn, 
South Kensington, London, for some very helpful" Notes'on Calcultions 


reiting 
{oilers for tee Clea Phooaraphy,® heh by kink onsen ee 
included. (See page 124.) ee sss 


Lonpon, 1939, 





xiv 


CONTENTS 


PREFACE TO THinp Epimion .. 
PREFACES TO Finst AND SECOND EDITIONS - 


PARTI 


| Historical Smaxary 

2 Tue TueoRETicaL Basis 

3 ADDITIVE PROCESSES 

4 Suprractive Processes _- 

5 CoLoun-Casanus avo RaweSruirrmic Sams 
6 Birack.. 6, 


PART tI 


7 BACKGROUND OR PROCESS PROJECTION 
8 Corour First Sounp Tracks 
9 Toxine 


10 Tus Processinc oF Two-Covoux Panvrs ny Desk TANK 
MetHoos 


11 Tae Stereoscopic Monios Picture 1% COLOUR -. 
12 Maxeue 
13 CoLoun SeksrTouTRY 


PART III 


He an Easel Oa ee emeon oeM 
Finas ms Coovn :, 
Aftertmages. Colour Fatigue 
Simultaneous Contrast. Visual Data 
15 Couour Harmony 
16 Cocoon StaNDAnDs: MeAstneseext aND SPECIFICATION 
Colour Scores. The Future of the Colour Film 





af 


CONTENTS: 


APPENDICES 


I Brimsh PATENT LST. se eke 
2 MANUAL FoR Atco Procmama MACHINE cs 


3 SoRVEY oF 1.G. PAREN BAITISH PATENTS DEALING WITH 
QUESTION OF THE ANTI-DIFFUSION PRoPERTIES oF COLOUR: 
oRMENS UNTIL 1939. '. 


4 Sunysy oF KODAK AND RELATED Barris PATENTS DEALING 
WITH THE PROBLEM OF THE ANTI-DIFFUSION PROPERTIES 
OF COLOUR-FORMERS UNTIL MARCH 1942... 


$5 Notes on rit Ust or Ansco Coton Casaina Fist TyP8 735 
6 PRocessinG ConTmot PRocepunes Por ANsco CoLoR FILM. 


7 ANALYSIS OF DevELOPERS AND BLEACH POR ANSCO COLOR 
FIL x raeinaey 4 


 Maranuscsaix Teaex On Arico 16m. Couom Fits 
9 Du Pont Coton Fit 

10 Gevacovon 2... e 
11 Tas DuonomAcotor Process. 
12 CroManr PROCESS AND ALFACOLOR 
13 Recent LicHrine Equiement 
1 Covorneernic SrecincaTions oF Waartiiy Liga Fiurens 





PrRsoNaL NAME INDEX =. 
Sumecr InpEx 





xvi 





665 
673 


691 


097 
705 
wT 


724 
732 
740 
743 
730 
752 
1357 
759 


762 
766 











Fro. 1.—Louls Ducos Duhwuron. French Inventor, tn 1869 he described in greit 
detail every aspect ofthe territory the rest of us have since wandered about in. A ra 
‘class genius who died, as other prophets have die, unhonoured and nsunk. 





PART ONE 


The first kdew of method is. progressive transition (rom one 

sep to another in any course. IFin the riylit course, it will be 

the true method; if ia the weong, we eannos hope to prowress. 
‘Courrivae. 





CHAPTER | 
Historical Summary 





1672.—Newton’s communication to the Royal Society led directly 
to the first formulations of the three-colour theory of colour vision (1). 

1802.—Dr. Thomas Young (2), in his famous paper read at the 
Royal Society in 1801, propounded the theory that there must be 
three types of optic nerve fibre* to account for the phenomena of the 
admixture of coloured lights, which had originally been observed by 
Newton. This was the origin of the so-called trichromatic theory of 
colour vision. 

1855.—Helmholtz, developed the mathematical treatment of the 
theory [3], and Clerk Maxwell [4] was the first to conceive how these 
principles might be applied to photography for the reproduction of the 
colours of Nature (Proc. Roy. Soc., 1855). He said: “This theory of 
colour may be illustrated by a supposed ease tuken from theart of photo- 
graphy. Let it be required to ascertain the colours of a landscape by 
means of impressions taken on a preparation equally sensitive to rays 
of every colour. Let a plate of red glass be placed before the camera 
and an impression taken. ‘The positive of this will be transparcat 
Wherever the red light has been abundant in the landscape and opaque 
where it has been wanting. Let it now be put in a magic lantern 
along with the red glass and a red picture will be thrown on the screen. 
Let this operation be repeated with a green and a violet glass, and. by 
means of three magic lanterns let the three images be superimposed on 
the screen. The colour of any point on the screen will then depend on 
that of the corresponding point of the landscape, and by properly adjust- 
ing the intensities of the lights, etc., a complete copy of the landscape, 
as far as visible colour is concerned, will be thrown on the sereen,”* 

1861.—In a later lecture Maxwell gave a demonstration, and re- 
produced the colours of a bow of ribbon with some approximation to 
truth (Proc, Roy. Soc, 1859, 69, 10, 404, 484; Brit, Journ. Phot., 
1861, 8, 272). 

1862.—The French inventor Ducos du Hauron in 1862 described 
4 Mélanochromoscope "* (an optical instrument for the additive ad- 
mixture of three primary colour images), additive projection, the 
‘Mosaic screen process, bipacks, and even tripacks; thus he anticipated 
nearly all subsequent practice. The Académie des Sciences refused 

‘Keown today a1 the three-response hypotbesia”” 
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to allow the presentation of the paper. Indeed, it was not published 
until 1897 (5). 

1869.—In Les Couleurs en Photographie, Solution du Probléme, 
Paris, 1869, he describes additive tricolour projection. 

Charles Cros was prior to F. E. Ives in the design of chromoscopes 
(Compt Rend., 1879, 88, 1, 121), and in a paper in Les Mondes (Feb- 
fuary 25, 1869) he discusses analysis by successive and simultaneous 
admixture, This isthe first suggestion which ultimately was realized in 
the motion picture additive colour processes. He proposed to accom- 
Plish synthesis by persistence of vision with the aid of the phenakisto- 
Scope Or the zo¢trope.t 

A friendly controversy between du Hauron and Cros appeared in 
Cosmos (July 1869); and they both agreed that, though working 
independently, they had deduced the same resulls from the same 
Principles. Both men described the solutions known as additive and 
subtractiy 

It is curious that Clerk Maxwell does not seem to bave mentioned 
the relation of the subtractive colours to the taking, or analysis, 
colours, 

Among others who advanced the science of three-colour photo- 
graphy in the nineteenth century were: 





FE. Wes. J. Joly. 

A. son Hiibh, J. W. McDonough, 
A. Lumiére, A.J. Newton. 

Sir William Abney. Howard Farmer. 
H. W. Vogel, E. Sunger-Shepherd. 
L, Didier. A.J. Bull, 

E. Konig. 


1897.—The commercial success of black-and-white cinematography, 
Which was the outcome of the inventions of W. Friese-Greene, naturally 
soon led to the proposal to make moving pictures in natural colours, 

The earliest patent is that of H. Isensee of Berlin (D.R.P. 98,799, 


* Phenakistoncone—Toy invented by Pliteau, A cardboard disc perforated at 
‘equal distances round the periphery by small slots, One side ofthe diss is bickened 


‘When the dis is spun round on is axis opposite to a mirror and the eve applied te 
the blackened side on s level with the revolving slits, the reflections of the varioue 
images ace seen one after another corresponding to the different atitudes assumed 
by the original object. 

Zecrrope—A cxlindrical chamber revolving on a vertical axis. Narrow upright 
alles Were made round the brie and inside the eylindrical wall w strip of puper eas. 
Dasied on which a series of images was urranged 40 a8 to represent the soseeie 


ules of « ma of animal ia motion. IFihessBguies were obese acne oe 
Ais wile the zoetrope was revolving the sume fame ‘uso 
Abenakistoscope was produced. ou sda ue 
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December 17, 1897). He says: By means of this invention the projec- 
tion images should appear to the eye of the observer in natural colours 
by means of the images being projected rapidly one after the other 
‘and in regular sequence in the colours red, green. blue. For this purpos> 
there is placed eccentrically before the objective a disc with three 
sectors of red, green, and indigo-blue glasses. From the negatives, 
positives are made, and projected by the series apparatus. In the well- 
known analogous process for the reproduction of coloured images, 
for instance, with Ives’s* Heliochromy,’ three different cotoursd images 
of one object are formed at one and the same period: here diffzrent 
coloured images follow in successive periods in sufficient rapidity, 
and there is formed in the eye of the observer a moving picture in 
natural colours. 

1898.—William Friese-Greene, then living in Brighton, described 
in rather vague terms an impracticable method by which a lens was 
divided into three sectors, or a rotary shutter might be used (B. 
21,649, 1898). He appears to have used a single plate and a si 
image. The rotary colour shutter was significant, but this had been 
anticipated by Isensee, A demonstration was given at the Royal 
bckuasmais Series 71) 1900 (Brit. Jour. Phot., March 2, 
1900), 

He was the victim ofa good deal of heckling. but he suid he was not unused to the 
averse critisism ofexrly ideas with resand 10a invention which hud been received 
Yyeurs afervards with popular approval. He quoted some of the: remarks. which 
‘were passed upon his introduction of animated photograply, of which be was 
admitted fo be the originator. 

‘Apparently, associated with W. Friese-Greene, in the same year, 
Captain William Norman Lascelles-Davidson, also of Brighton, 
patented a tripletens motion picture camera (B.P. 23,863, 1898). 
The colour filters revolved either behind the lenses or just in front 
of the film, or the diaphragms might revolve, or slide synchronously 
‘with the film, or with the positive in a similar projector, This camera 
anticipated the work of Frederick Marshall Lee of Walton and Edward 
Raymond Turner of Hounstow,’ to whom is usually accorded the 
credit of achieving the first practical results in additive projection. 
Their experimental work was financed by Charles Urban, a wel 
Known impresario and showman of the day. Records were made in 
‘a camera with a single lens equipped with rotating filters of red, green, 
‘and blue, Projection was attempted with three lenses vertically disposed, 

LF E, Nes said (Trans. Soc. Mot. Pic. Ene, 1926, No. 25, p. 74): "The 
fire recorded sagaestion fs the British patent of Lee and Turner, two young mea 
Wiho were employed in my workshop in London. and who with my coment patented 
Wee Mink f atelasel to them but which I told them was of mare theoretical 
than practioa! Hterest at that time, T considered ia great joke when their patent 
tiahts were afterwards sold for real money; but, as 1 predicted, the method was:not 
practically satisctory. 
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Apparently each picture was projected through exch of the lenses in 
turn, and three pictures always projected simultancously (B.P. 6,202, 
1899). This scheme in some respects anticipated Hillman's two-colour 
arrangement, Time-parallax was inevitable, and considerable fringing 
‘must therefore have been present. 

1900.—W.. Friese-Greene patented a lantern for three-colowr 
additive projection, 

1903.—Dr, Benjamin Jumeaux and W. N. Luscelles-Davidson de- 
vised ttree-colour projection apparatus deseribed in B,P. 3,729, 1903; 
7,179, 1904; 27,419, 1904, 

1905.—Outo Pfenninger of Brighton (in B.P, 322, 1905) inyentod a 
projection lens and prism of doubiful practicability, Friese-Greene’s 
BLP, 9,465, 1905, was equally hopeless, 

About this time inventors became doubtful of the possibility of 
three-colour additive projection, as they always encountered fringing 
effects due to spice and time-parallax. 

1906-—Then we come upon the name of George Albert Stith, 
F.R.A.S., of Brighton, who in B.P. 26,671 of 1906 patented the method 
Which eventually was commercialized as“ Kinemacolor."” In. this 
Patent he proposes to substitute fwo colours for the three which everyone 
had been trying to get, Alternate red and green filters were rotated in 
front of the tens. Double the usual number of pictures were taken 
j-hamely, 32. ‘Smith mentions projection. at 30 pictures per second, 
In a lecture delivered at the Royal Society of Arts (December 9, 1908) 
he remarks that two colours seem to give a range equal to three, He 
exhibited harvesting scene and a yacht race, ‘The greys were said (0 
be excellent, He said: "In 1902 1 was invited by Ms. Charles Urban 
to assist ina thorough trial which he was making, regardless of reason- 
able expense, of  three-colour Process (it was probably that of Lee 
and Turner, and pethaps of W. N. Lascelles-Dayidson also). At that 
time litlewas known about the possibilities of sensitizing film to red and 
freen, and to that extent we were handicapped. Nevertheless, in good 
Sunlight we did succeed in taking a few negatives,"" He goes on to say 
that superimposition was found impossible; registration was terribly 
Uncertain; and parallax troubles always defeated them, Simultaneous 
Superimposition was first attempted (Lee and Turner), then successive 
Brojection. This was successful up to a point, but required high speed-— 
namely, 48 pictures, or even 72 pictures, per Second, which was entirely 
{mpracticable on contemporary projectors, The death of the original 
patentee (Turner) put a further damper on the enquiry.“ During 
the last four years I have renewed enquiry,” said Smith;"* Take pictutee 
bith an Urban Biosope Camera at 32 pictures per second. ‘The present 
fesults are presented as early experiments in the photography of moving 
things in colour, and as the first serious exposition of work done fy 
that direction." 
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1906.—W. Friese-Greene gave a demonstration at the Royal Institu- 
tion, January 25, In this year E.J.Wall suggested imbibition printing and 
the subtractive synthesis as the proper solution to the problem, Accord- 
ing to Wall, Jumeaux and Dayidson were the first to apply the two- 
colour principle to the additive system. They are said to have exhibited 
in Paris in 1904 (B,P, 3,729, 1903), ‘Their system was demonstrated by 
Captain Lascelles-Davidson and W. Friese-Greene at the Photographic 
Convention of Great Britain in Southampton, July 1906, The British 
Journal of Photography, July 27, 1906, says: 

We have here applied to the lantern precisely the same principles which 
‘A. Gurtner of Bere has ullized in his two-color: process (the firs practical 
bipack, D.R.P. 146,149, 1902). The real reds are ignored, und whilst this may be 
Aseful for pure landscape work, ican never be a true scientific record of calour by 
the aid of cinematography, 


1907.—The British Journal of Photography of December 6, 1907, 
notes: 


We haye had an opportunity of seeing some results achieved by Mr. G, A. Smith 
‘off the Urban Trading Company, Rupert Street, in cinematography in colours, and 
‘whilst there is yet room for considerable improvement the progress made is extremely 
SMistctory. We were ble to compare tho coloury in the pictures projected with 
‘Soine of the actialsccessoros used, andthe rendering ofthe colours was strikingly 
accurate, particulasly in the case of the reds. Only two taking and projecting fliers 
‘were used, an orange-red and a blue-green, the usual third or bluc-violet filter being 
dispensed with. Naturally the whites obtained ire not pure, but have a slight yellaw- 
ish Cinge, yet when projected on the screen with brilliant colours this defect Is hardly 
noticeable. The progress achieved is 4o satisfactory that we are warranted in saying 
‘that the process should be commercially valuable in a very short time 

1908.—Friese-Greene Patents Ltd, was formed. The capital was 
£2,400 in £1 shares. '* To acquire rights of A. Ramsay from G. W, 
Chapman, W. Friese-Greene, and C. J. Harris.” 

“This sum was perhaps the first money invested of the several million 
pounds which were to be invested in colour processes within the next 
twenty-five years, 

{In this year G. A. Sniith exhibited at the Royal Society of Arts 
in December 1908 (/ournal Royal Saciety of Arts, 1908, 7, No. 2,926) 

1909.--We find in the British Journal of Photography, March 5, 1909: 

‘The admission into the programme of the Palace Theatro of Varietics of the 
Swit-Urban cinematography pictures fa natal colours marks another era ln the 
option of photography to entertainment. ‘The demonstrations atthe House of 
Tee than Company, und more recetly atthe Royal Socisty oF Arts, have shown 
the remarkuble success of Re peimcwi and os fringe she [scope vay 
passed upon te procs have been repeuted with add erp ress 
pa ao have seen the projections froin the auditorium ofthe handsome theatre 
Publi we eiccae, which again foals the way J tniroducing tthe public thi 
latest trump of the inematosrsph 


‘Thus ** Kinemacolor” wus launched, the first colour process. to 
be commercialized. The trade name * Kinemacolor " was registered 
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by C. Urban (No. 333,708) by the Nutural Colour Kinematograph 
Co. Lid, Kinemacolor Building, 80-82, Wardour Street, London, 
May 17, 1911. 

1911.—Many will recall the performances which now began at 
the Scala, The Brisish Journal of Photography (April 17, 1911) notes 
that 

‘The programme of Kinemacolor performances opened on Monday fast with 


4 private view at which Messrs. Charles Urban and Albert Smith presented a most, 
comprehensive... 


and so on. There were, it appears, 

Farmyard grid agricultural scenes, topical events, portmit. studies, and a moving 
picture play, and growing flowers The emertainment concluded with » spectacular 
play adapted from the German of Frau Luna performed some eight or nine years 
4489 at the Apollo Theatre, Berlin, The promoters of Kinemacolor may: be con- 
aratulated on having originated an evening of combined instruction and entertain 
‘ment which is unique of is kind ahd should prove capable of taking its place among 
‘he established attractions of the London theatres 


This it did, performances continuing until 1912. ‘There arrived the 
singularly beautiful film of * The Durbar of Dethi,"* which was the 
rage of London. In Paris it was shown at the Salle Peletier, where it 
‘was an equal success. 

For some reason Kinemacolor of America failed to commercialize 
the process in the United States, and afterwards prolonged litigation 
ensued apparently between Kinemacolor and the rival group surround 
ing W. Friese-Greene. 

‘We might note, in passing, that almost all these pioneers were living 
{in Brighton and that they were all in their individualistic and several 
‘ways certain that they, and they alone, had inventions worth a fortune, 
Why did they not collaborate? Were they mutually acquainted? 
We shall probably never know, 

‘The defects of the additive method were soon obvious to all; the 
audience suffered from excessive eyestrain, a phenomenon always 
associated with colour admixture by persistence of vision if the recur- 
rence is only just above the flicker limit of sixteen alternations of the 
quality of the stimulus per second. The projection speed of 32 
Pictures per second used for Kinemacolor necessitated a special 
projector and the life of the film was short, 

To obviate these defects, C. N. Bennett, F.R.P.S,, proposed to take 
the pictures (C. Beck and Bennett, B.P. 1,642, 1911, and B.P. 24,159, 
1912) two at a time through two vertically disposed sawn-off objectives, 
This idea had been suggested for three lenses by C. P, Christensen in 
BP. 7,514, 1908, and by Otto Pfenninger in B.P. 23,908, 1906, Bennett 
also would project through two lenses (B.P. 1,900, 1912, and B.P, 
10,639, 1912), And he describes a skipping printer in B.P. 26,173, 1912, 

1908-35.—We must now go hack for a moment to W. Friese: 
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Wuegret Retorange 


Fic, 4—Doubleswidth fim with central perforations, by 
Kodak. Used by Cinechrome Lud. in 1921, Two-colour 
positive for additive projection 
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Greene Patents Ltd. Through the courtesy of Mr. Samuel Cox, one 
of the pioneers of colour photography and colour cinematography, 
the Following interesting facts have been obtained. 

At appears that while G. A. Smith was working on Kinemacolor 
at Brighton, Fricse-Greene had been experimenting on wo-colour 
persistence of vision principles also, but instead of projecting through 
a rotating colour disc he stained each frame of & completed black-and- 
white print alternately red and green. ‘The little staining machine with 
which he did this is still in Mr. Cox's collection in London, A film 
of Friese-Greene’s was being exhibited at-a theatre in Brighton, and 
Mr. Lyons, who held certain Kinemacolor rights in Brighton, persuaded 
Kinemacolor to bring an action’ against the Friese-Greene theatre 
to prevent the showing of the picture. F. S. Edge, a well-known 
racing car expert, finunced the Friese-Greene defence. Kinemacolor 
lost the action and appealed, winning their appeal. The case was then, 
earried to the House of Lords, and the judgment reversed in favour 
of Friese-Greene. This litigation ruined Kinemacolor financially. 

When Fricse-Greene Patents Ltd. was formed in 1908, the negative 
was taken by exposure of 32 pictures per second successively through 
red and green filters (Kinemacolor used the same type of camera, 
which was made for G. A, Smith by Darling of Brighton). Finding 
that fringing was experienced, Colin Bennett made his proposals 
fora method whereby the two pictures were to be taken simultaneously 
through two lenses (sawn-off). Colin Bennett Ltd. was formed in 
1911 to tke over from Friese-Greene Patents Ltd. Sir William 
Hartley had assisted financially in the earlier company, and it was 
his finance which was behind the new company. Various defects 
were then discovered, and Cinechrome Ltd. was formed in 1914 as a 
reconstruction of Colin Bennett Ltd, Cinechrome Lid, proceeded to 
develop the patents of F. Twyman, F.RS. (of Adam Hilger Ltd.), 
J. S. Higham (son-in-law of Sir William Hartley), and H. Workman 
(B.P_ 7,659, 1915; B.P. 13,042, 1915; Twyman’s B.P, 18,611, 1915; 
and B.P. 16,810, 1915). Attempts were made in these patents to solve 
the parallax problems which ad arisen in connection with Beck 
and Bennett's B.P. 24,159, 1912. The new Cinechrome beam-splitter 
had two lenses which were placed behind the prism divider, whereas 
Colin Bennett had tried to develop on the lines of division into two 
beams behind a single objective, Attempts were also made at this 
time to take three pictures, one beneath the other, on a single normal 
film. ‘The pictures were spaced with two frames between each picture, 
Anclaborate triple projector was also tried. : 

From this period until 1921 pictures were taken side by side, full- 
size, on double-width film, the film not only being perforated on. the 
edges but also down the centre between the pairs of images. This 
film was made by Kodak (Fig. 4), 
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In 1921 Mr, S. J. Cox went to India to photograph the visit of the 
‘Duke of Windsor, then Prince of Wales. The pictures were taken on 
the wide film referred to. The film was exhibited at the Royal Society 
of Arts in 1922, a special projector with a wide gate being employed. 
It was later shown at the Stoll Picture Theatre, London. Mr. D. 
Daponte, one of the principal patentees of Cinecolor, exhibited in 
France for the benefit of the Red Cross, and the French Government 
‘were so impressed that they formed the Syndicst de Propagande 
Nationale par le Film en Couleurs Natures, with a list of presidents 
and vice-presidents of formidable dimensions, 
‘The wide film was rejected in 1925, and a now beam-splitter adopted 
based on patents of D. Daponte and also of Adam Hilger Ltd. (see 
= = Beam-Splitter Cameras). The pictures 
were now turned sideways in pairs on 
35-mm. film, each pair occupying the 
space of one frame, These pictures 
éaumonTcoLor || required a rather elaborate optical 
——————_]} projection unit to erect the images, To 
exploit the new patent situation there 
was now formed, in 1929, Cinecolor 











— rove us ons — |} Ltd. (After the decease of Sir William 
~~ vuerete || Hartley the business had been taken over 
meee by S.J. Cox and D. Daponte.) The 


ws o Gur nearins |! financial backing for Cinecolor was 
ae || supplied by Sir P. Malcolm Stewart 
cHRONOCHROME |] (Chairman of British Portland Cement 
|. caumonT Manufacturers Ltd.), Subsequentl: 
Sires nt holding company, Chromex Ltd. (i 
= STAs Sorporated in Canada), was formed, 
aes} and Sir P, Malcolm Stewart and Cine- 
Pra. color Ltd. vested in this company their 
full rights in the group of patents 
covering this additive process. Dufay-Chromex Ltd, in 1937 merged 
the Cinecolor rights with the parent Dufaycolor interests, 

‘Thus we see that this most highly developed of the additive processes 
elutes back step by step to the founder of the motion picture, W. 
Friese-Greene, 

1913,—Société Etablissements Gaumont patented a triple-lens system 
(B.P. 3,220, 1912), Some pictures were projected in London (at the 
Coliscum?), but serious parallax was the cause of very noticeable 
fringing. ** Gaumontcolor”” was first shown in Puris, Aprit 4, 1913, 
the programme including Bouquets of Flowers—Life in the Country— 
Trip to the Céte d’Azur—Camnival at Nice—Fashions—Majorca. 
In June it was shown in New York at the 39th St. Theatre, and actually 
included synchronized sound from gramophone records, Three 
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frames were recorded one above the other from three yertically super- 
posed lenses. Each frame was 14 mm. high (3 perforations), The pro- 
jection optical system was similar. Electrical remote control of regis- 
tration was attempted. 

By now most experimenters had realized that additive projection 
presented immense difficulties. Even as far back as 1906 E. J. Wall 
had said: ** However idealistic the sugzestion is, this is what we want— 
a length of cinematograph film, each picture in which shall be « record 
of the movement at the instant of exposure and at the same time in 
itself a complete colour record.” Wall himself experimented with @ 
dichromated gelatine process in 1911, but without much success. 

The first suggestion of double-coated film for two-colour subtractive 
printing is by E. Lewy (D.R.P. 238,514, 1910), but nothing was done 
commercially until A, Hemnandez-Mejia announced the details of 
his process from the United States (U-S.P. 1,174,144, 1913) (see 
Brit. Journ. Phot.. \912, 59, 805), He called his process ** Cinecolor- 
graph." ** The amount of emulsion on both sides of the film is no 
greater than the amount now used on one side only "(see New Moving 
Pictures, 12, October 5, 1912). 

This was followed by two-colour processes by Ives, W. van D. 
Kelley, William Francis Fox, and John E. Thornton. 

The bipack method of obtaining two-colour negatives is traceable 
again to Ducos du Hauron (F-P. 250,862, 1895) and A. Guriner 
(B.P. 7,924, 1903).. One of the first 10 apply the bipack system to cine- 
matography seems to have been P. D. Brewster (B.P. 2,465, 1915, 
and U.S.P. 1,222,925, 1917). He was also the first to use registering 
pins in cameras and projectors (U.S.P. 1,359,024, 1920). 

C. Hi, Friese-Greene experimented with a two-colour additive 
process (B.P. 233,129) (Phot. Journ., 1924, 64, 397). A colour disc was 
used in the camera carrying a ted filter only, the alternative frame 
being exposed without. filter (suggested previously by Kelley). Contact 
positives were printed and stained successively red and blue-green. 
Projection was at normal speed. Visua! fatigue due to colour bombard- 
ment was excessive. The process was based upon the patents of 
C.H. Friese-Greene’s father, the pioneer W. Friese-Greene. A company 
called Colour Photography Ltd. was formed (B.P. 4,774, 1912). 

1915.—The original ‘* Kodachrome " process was the invention of 
JG, Capstaff of Kodak Research Laboratories (B.P. 13,429, 1915). 
The negatives were taken by a beam-splitter camera. Positive prints 
were made, and from these negative images were printed in register 
on double-coated film. The images were bleached, the bath hardening 
the films only in the parts where the image had been. The two sides 
were then dyed in the usual two colours, namely red-orange and ble 
‘green, the dyes entering the emulsion only in the unhardened areas, 
thus giving positive images. The silver was finally entirely removed. 
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1915-48.—At this: period the name “ Technicolor "* first appears. 
The Technicolor Motion Picture Corporation had its origin ina firm 
of Boston enginoers: Dr, Herbert Kalmus, Daniel Frost Comstock, 
and W. B. Westcott. Apparently they were assisted by E. J, Wall, 
F.R.P.S., in their early work. They began by attempting a two-colour 

itive process based on the patents of Westcott and Comstock, 
(U. 1,231,710), Comstock patented a prism divider behind the 
objective. Two images were obtained with two unexposed frames 
between them. The film was pulled down two pictures at a time. 
The film was projected by means of a special lens, registration being 
effected by two movable plane parallel plates between the film and 
the projection lenses, 

‘The first film made by this additive process was * The Gulf Between,” 
with Grace Darmond and Niles Welch playing the leads (1917), The 
manifold troubles of additive projection were soon discovered. Dr. 
Kalmus has said: “* I concluded that the operator would have to be a 
cross between an acrobat and a professor.” At this period, the Techni- 
color laboratory was housed in a railroad car, which contained com- 
plete processing equipment (Fig. 6). 

William Travers Jerome, the well-known American lawyer, assisted 
with finance in the early stages (1920). The additive method. was then 
abandoned, Prints were made from the negatives taken by the above- 
described beamsplitter, A skipping contact step-by-step printer 
separated the two components and thus two continuous positive prints 
were extracted from the negative bearing the alternate two-colour 
separations. The positives were now developed in a tanning developer 
and reliefs formed. The two reliefs were dyed and finally the two films 
bearing the dyed reliefs were cemented together back to back (B.P. 
209,404, 1923), This idea had been suggested earlier by A. R. Lawshe 
(BP. 131,319, 1916), 

A small laboratory ar pilot plant was built in the basement of the 
building occupied by the Technicolor engineers, Kalmus, Comstock 
& Westcott Inc., on Brookline Avenue, Boston, Mass (1919), ‘The first 
Technicolor subtractive film was‘* The Toll of the Sza,”” ‘supervised by 
Mr. Joseph Schenck; Chester Franklin, director; Anna May Wong, 
Jead; and J. A. Ball, cameraman, later the outstanding creative engineer 
of Technicolor, This film was first shown at the Rialto Theatre, New 
York, November 26, 1922. The picture grossed more than $250,000, 
‘of which Technicolor received $150,000, The cemented prints’ cost 
27 cents per foot! Another plant was built in Boston and a small 
Iaboratory in Hollywood. ‘Technicolor and Famous Players Lasky 
Corporation next made “ The Wanderer of the Wastel Prints 
were supplied at 15 cents per foot, Both Pictures were exteriors. First 
artificial light photography was carried out in “* Cytheria"” (1924) 
In the fall of the same year Metro-Goldwyn-Mayer made Ben Hur."* 
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Fra, 6:—Technicolor Laboratories. 
‘A. In Hollywood 
B. In England 

Above: Railway car laboratory, 1917, 
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Fic. 7-—Technivolor Laboratories, Bath Row, 
Harmondsworth, West Drayton, Middlesex. (See p. 16.) 
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“The Black Pirate" was made, This film was produced by Douglas 
Fairbanks in 1925, and at that date it was the best wo-coluur film 
Which had been so far made. 

‘Dr. Kalmus has said: ** So far as audience reaction, Press reviews, 
and box-office were concerned it was a triumph from the start, but for 
the Technicolor Company it wasa terrible headache.”" Prior to 1926, 
more thin $2,500,000 hud been spent without. very encouraging 
financial results. 

In 1926 Technicolor went into production and made a number of 
shorts, distributed by Metro. Of these Dr. Kalmus remarks: ‘In 
iny opinion Technicolor would not have survived without the experi- 
ence of this series of short subjects" [6]. 

Technicolor made their last silent feature in 1929, “* The Viking."* 
It cost $350,000, Metro reimbursed its cost. 

In 1928 the printing method was changed to an imbibition process 
(B.P. 307,659, 1928), as great trouble had been experienced from curling 
of the film in the projector, which gave rise to focus variation. The 
bition process was successfully working in 1929 (U.S.P. 1,919,673). 
During this and the following year the following films were made: * Oa 
with the Show," the first all-talking Technicolor feature, “* The Gold~ 

i "The Mystery of the Wax Museum,"" and 
imirable two-colour films, the 
‘audiences complained of lack of definition and consequent eyestrain. 

‘In November 1929 Dr. Kalmus was reported as coming to London 
to discuss construction of a processing plant. At this date the Daily 
Film Renter of London commented: * Stringe that Mr, Maurice 
Elvey is at present in New York negotiating with American companies 
to effect a deal in Raycol "* (see page 265). At the same date Mr, Kay: 
Harrison of Gerrard Industries Limited claimed that Cinscolor (see 
page 271) was the only process of purely British origin which had been 
Geveloped."" This was the Mr. Harrison who was subsequently to 
become the managing director of Technicolor Ltd. Cinccolor Ltd. 
had been registered in August 1929, with a nominal capital of £1,050. 
However, the Technicolor laboratory had to wait until 1935, 

Tn December 1929 Dr. Kalmus said that there were then thirty: 
four Technicolor cameras in Hollywood and fourteen features in 
production. He said that in 1928 the U.S. plant had a capacity of 
72,000,000 ft, per annum. For the coming year contracts required 
109,000,009 ft. for the U.S. alone. Perhaps with an eye. on Cinecolor 
(Britsh), he announced: “* You can be assured positively of the 
 ertectyeness of any additive process to get anywhere ever.”” He 
ae enaated that the British plant would cost £100,000 and is recorded to 
Pave aids" We have been perfecting our process for twelve years, and 
{can say that the only future for colour lies in a process which can 


‘comply with these requirements 
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1. It must not require very much more fight in the studio or in 
projection than ordinary monochrome, Technicolor in pro 
jection actually requires less. 

2. AW must not require special projection equipment or modification 
of existing projection machines, 

. It must be capable of a three-colour process. 

|. It must be reasonably cheap.”” 


He concluded by telling the Press that Technicolor owned eighty 
world patents and that the capital approached twenty-five million 
dollars, 

In 1930 the Warners said that they were “* going over 100 per cent. 
to Technicolor."" ‘They were to make " Song of the West,’’* Under a 
Texas Moon,” ** Hold Everything," and ‘* Golden Dawn." On 
January 22, Kalmus said: “* Within two years the black-and-white 
motion picture will be as out of date as the silent picture is today 
4 prediction which was not to be realized, In February he said that 
the sixth Technicolor laboratory would cost a million dollars and that 
their net earnings for the year would be a million dollars. What a 
convenient sum this “* million dollars" is to the film industry! For 
example, in February 1930 the Daily Film Renter said: ** Fox is 
spending a million dollars on it laboratory being, built at the Western 
Avenue Studios. It will be used exclusively for the Fox * Nature 
Color Process.’ Poor Nature! Poor colour! Always a million dollars, 
‘twas also stated that the experimental work had cost a million dollars, 

In March 1930 First National claimed that they were the first 
to make an all-talking exterior colour film, ** Heart of the North." 
During the same month Mack Sennett claimed to have invented « new 
colour process, One is curious to know what that process was. 

Technicolor now adopted a beamsplitter camera (B.P. 398,339, 
1932) of the type in which two films are ‘exposed in two gutes at right- 
angles to each other, the beam from a single objective being split 
by the semi-reflecting diagonal of a prism eube, the reflecting face 
being placed at 45° to the axis of the beam, ‘The prism block consists 
of two 45° prisms cemented together to form a cube. This idea probably 
originated in J. W. Bennetto’s B.P. 28,920, 1897, known is the "" Semi- 
dislyte” system. With such a camera three-colour newatives are 
obtained by exposing bipack in one gate and a single film in the other, 
The imbibition process was now changed to three printings, and later 1 
fourth key printing in black was added. In spite of these advances, 
great difficulty was experienced in getting support from the industry. 
Ultimately Walt Disney adopted three-colour for his Silly Symphoa 
ies,”” 1933, and the first film, ** Flowers und Trees,"" was a great and 
immediate success. This was followed by “ Santa's Work Shop "* 
and the famous “* Three Little Pigs,"* 
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‘The American financier John Hay Whitney became interested at 
this stage, and he formed a production company known as Pioneer 
Films exclusively for the making of fiims in Technicolor, A contract 
was signed between Technicolor and Pioneer Pictures Inc. on May 
18, 1933, which provided for the production of eight pictures. Positive 
Printing for 1933 was double that of 1932. The number of cameras 
Was increased from three to seven. The first complete picture was a 
delightful little film called ** La Cucaracha,"* 1935. The production 
of this film marked an important turning-point in the history of the 
colour film, as it was the first commercially successful thres-colour 
picture, It was followed by a sequence introduced into the Twentieth 
‘Century-Fox film ** The House of Rothschild," and by the closing 
sequence in the Cantor picture“ Kid Millions.” Later '" Becky 
Sharp "* was made by Pioneer Films, their first full-length three-colour 
film, This film created immense controversy in the film industry all 
over the world (London, July 11, 1935). 

‘Of this film Sam Goldwyn remarked: ** It contains the most marvel- 
Jous colour I have ever seen, it may do x great deal to show whether or 
not films in the future are to be 100 per cent. colour." “* Becky 
Sharp" was directed by Rouben Mamoulian, and the art director 
‘was Robert Edmund Jones, a well-known New York stage designer. 
At was first shown at Radio City Music Hall. The Cinema said; * The 
whole film world recognizes in * Becky Sharp ' exactly the same test 
for colour that ‘The Jazz Singer’ was for sound. Public reaction 
to this film will decide the future of the screen as colour or black and 
white." Today, in 1949, the controversy is by no means decided [12]. 

This year also saw the production of * Trail of the Lonesome 
Pine "* and ** Dancing Pirate.”” 

In 1935 Dr. Kalmus announced a cross-licensing patent arrangement 
with Kodak, and forecast the possibility of soon adopting a multi-layer 
single original coloured master positive film for taking the picture, 
the feasibility of this being clearly indicated by the advent of the new 
Kodachrome process. Several years were to pass before this method was 
adopted. It cannot be said that so far results have been obtained which 
‘compare with Technicolor prints derived from beam-splitter negatives. 

Leonard Smith, A.S.C., was the first director of photography to use 
‘Technicolor monopack on a major studio production—shooting the 
exteriors for MGM's “* Lassie Come Home" in 1942, while the 
interiors were made on the usual three strip negative. Monopack was 
improved, and its speed increased, to the point that it was used entirely 
for both interiors and exteriors on the 20th Century-Fox production of 
“Thunderhead ”” in 1944; with Charles G. Clarke, A.S.C,, as director 
of photography. For the past several years, monopack has been in- 
creasingly used on productions for all or part of the camera record 
p71. 
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Jn 1935 there was formed in England a company under the name 
of Technicolor Ltd. with a share capital of £320,000, owned equally 
by the American Technicolor Motion Picture Corporation. The 
capital was subscribed in England, the interested parties being London 
Film Productions Lid, Gerrard Industries Ltd., and certain others, 
including the Prudential Assurance Company, ‘The American parent 
concern acquired 50 per cent. of the stock, approximately, in retura 
for the patent rights, secret processes, and’so forth. A magnificent 
laboratory was built at Harmondsworth, Middlesex, and is now ser- 
vieing all British productions in Technicolor and prints of American 
colour productions for British distribution (Fig. 7). The first Techni- 
color English feature was * Wings of the Morning.”” Other early pro- 
ductions were “The Divorce of Lady X,""" The Drum," * Sixty 
Glorious Years” (produced by Herbert Wilcox), and “* The Four 
Feathers ** (a Korda film). 

Between 1936 and 1939 other feature-length Technicolor productions 
were: 

“A Star is Born," Jonet Gaynor and Frederic March (Sélenick {international 
Pictures) (1930). 
% Garden of Allah” Marlene Dietrich (Pioneer Pictures) (19%), 
"God's Country and the Woman " (Warner Bros.) (1936). 
* (Tentieth Century-Fox Productions) (1936), 
S Ebb Tide" (Paramount) (193%). 
{2 Gold is Where You Find It (Warner Bros.) (1937). 
‘“ Goldwyn's Follies "" (Samuel Goldwyn Pictures Inc,) (1937), 
‘Hee Jungle Love (Paramount) (1937). 
* Nothing Sacred” (Selznick International Pictures) (1937). 
‘ Vogues of 1938** (Walter Wanger Productions) tos, 
‘2 Show White and the Seven Dwarfs," Walt Disney (2.0. Pitates) (1937), 
‘Tom Sawyer” (Selznick International Pictures) (1937), 
Coronation 937) 
Men with Wings “ 
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Jesse Jummes (1938), 
Kentucky * (1938). 

‘Sweethestts " (1938) 

Lite Princess." (1938), 

‘Wizard of Oz" (1938), 

‘Doddys City * (1938). 

" Gone with the Wind" (1939), 


‘The number of subsequent American productions runs into hundreds. 
British feature-length Technicolor films from 1937 to 1947 were: 


* Wings of the Morning "* (New World) (1937), 
footer ee 
acre 

*: Divorce of Lady X** (Denham Films) (1938). 

“The Drum“ (London Films) (1938), 
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+ XTVh Olymptid—The Glory of Sport * (1948). 

Technicolor delivered the enormous total of 165,027,297 feet of 
positive colour prints in 1946, covering 33 American and S British 
productions in addition to many cartoons and short subjects. During 
1947 this figure was surpassed and the capacity has now been increased 
to handle 300,000,000 ft, per annum.* 

1910-34.—One of the outstanding figures of this period was William 
yan Doren Kelley (1876-1934). In 1913 he formed a company called 
Panchromotion for the development of an additive. colour process 
somewhat similar to Kinemacolor. In order to minimize colour fring- 
ing he increased the number of pictures taken per second. He attempted 
three-colour additive projection by successive projection. During this 
period a double-coated stock and a bleach formuls, which had much 
to do with the later Prizma process, were perfected. Somewhat 
later Prizma Inc. was formed, with sufficient capital to undertake 
regular production, The first Prizma film was * Our Navy," released 
in 1917 at the 44th Street Theatre, New York City. The colour was 
produced by an additive process tising a colour dise on the projector. 

Kelley was not satisfied with the additive system and believed 
that colour could be applied directly to the film. In order to carry out 
this idea he entered into partnership with Carroll H, Dunning and 
Wilson Salisbury, and a laboratory was opened at 205, West 40th 
Street under the name of“ Kesdacolor."* Their first film made by 
the subtractive process was a picture of the American flag. In a length 
Of SO ft. it was shown at the Roxy and Rialto, New York, on Septem- 


In 1940 the output was approximately 80,000,000 feet. In 1941 it was 97,014,757 
a ari was aB42 513 ar o0e dollar pr hundred-foot run 
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ber 12, 1918. Shortly after the success of this showing, Kelley returned 
to the Prizma Company, which was reorganized. Longer films were 
undertaken, and in 1919'a single-reel travel subject was subtractively 
coloured. J, Stuart Blickton of Vitagraph saw this picture and was so 
impressed that he decided to make a feature-length picture in Prizma, 
“The Glorious Adventure" was made at the Stoll Studios, Crickle- 
wood, London, with Lady Diana Manners in the principal part. Some 
£150,000 was spent on this production and " The Virgin Queen," with- 
‘out much success being obtained. The negative seems to have been sent 
to America for processing. Prizma charged 25 cents a foot for prints. 

In 1919 Kelley produced s series of coloured cartoons which were 
drawn by Pinto Colvig. In 1924 he introduced “* Kelleycolor,"" which 
was an imbibition process. Two colours were imbibed on @ black- 
and-white key image. In 1926 he became associated with Max Hand- 
scheigl in the formation of the Kelleycolor Company, which was 
bought by Harriscolor in 1928. In 1929 Kelley started experimenting 
with bipack, and at the end of his life he was experimenting with methods 
for cementing bipack emulsion to emulsion. 

Kelley was an interesting and important figure in the early days of 
colour cinematography. He combined the work of Friese-Greene, 
Hernandez-Mejia, and others. Prizma patent rights were subsequently 
acquired by Magnacolor, which was operated by Consolidated Film 
Industries Inc. At one time it was also stated that Vitacolor had 
taken over the Prizma patent rights. Today Consolidated Film Indus- 
tries is using Trucolor,* whose sponsors can therefore claim an unbroken 
descent from Kelly. 

1922-—The late Aron Hamburger, an American chemist who 
resided in England, patented a dye-toning process which ultimately 
became known as the ** Polychromide ** process (E.P. 203,358, 1922). 
‘The negatives were taken in a beam-splitter camera which in many 
respects anticipated the Technicolor camera. ‘The positive film was 
double coated. A very lightly exposed and developed print was dyed 
bya coating machine with mixtures of basic dyes. On one side the film 
was dyed with magenta and auramine mixed, and on the other with 
malachite green and a basic blue mixed. The film entered a chromic 
acid mordanting bath subsequent to dyeing, which was an interesting 
innovation, Later an iodide mordanting bath was used in place of 
chromic acid. The process was commercially worked in London 
for many years, the plant and machinery being eventually dispersed 
and sold in 1937, 

1920-9.—T. A. Mills was the inventor of a process known as * Zoe- 
chrome" (B.P. 172,714, 1920). One full frame was succeeded by three 
‘small pictures occupying the space of a normal frame. All four pictures 
‘were exposed at the same time. The three small pictures were exposed 

1B. 26979. * The formula was worked out by the writer in 1934, 
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through fricolour filters, white the large picture was a normal pan- 
chromatic record. The black-and-white nogative was taken with an 
‘#¥5, Zin. lens, while the small negatives were made with three 
Tenses of about //40 and of shorter focus, bunched together to reduce 
parallax, and placed immediately below the main lens. All four lenses 
were mounted together for focusing. In printing, the alternate full 
images of the negative were printed jn succession; the positive was 
developed as usual, varnished, and then recoated with emulsion. One 
of the small images was printed by enlargement in register with the full- 
sized image, developed, and dye-toned. The film was again varnished 
and recoated with emulsion, and the cycle of operations was repeated 
for the two remaining colours. This process sno longer being worked 
commercially, 

1928-35.—A company was formed in England to exploit an additive 
‘process known as“* Raycol.”” In July 1929 Maurice Elvey announced 
demonstrations of the process at studios and taboratories at 10, Great 
Farl Street, London. He quoted patent agent's report and counsel's 
opinion as to the novelty of patent applications, In September, six 
films in Raycol to be made by British International were announced. 
Nothing was done, however. A subsidiary called Talking and Sound 
Films Ltd. was formed, but the scheme was dropped, as Elyey 
said a sufficient number of production companies were already in 
negotiation. In 1930 Elvey said that he would make “seven features, 
including the life of Shakespeare.” Alas! a great deal of money was 
invested by the public, but comparatively little progress was made 
towards adequate commercialization. In 1933‘ The Skipper of the 
Osprey,” by W. W. Jacobs, was filmed in London by the Raycol 
camera. Additive projection was required, and when the film was 
distributed all the practical difficulties of this method soon stood re- 
vealed. Mechanics had to follow the film about in order to ensure 
that the projection lens was correctly adjusted, and telegrams were 
often received by the distributors informing them that the projectionist 
could not get the pictures into registration. However, when perfectly 
Projected, much of the colour of * The Skipper of the Osprey "* was 
‘comparable fo anything which hid been shown up to that date. In 
1933 the writer assisted the Raycal British Corporation in the design of 
fan anticparallax prism objective system. Up to that time the Raycol 
optical system had exhibited serious parallax errors (E.P. 398,100, 1933). 

‘The Raycol British Corporation was wound up some years ago, 
thus supporting Dr. Kalmus's views on additive processes, which 
nevertheless periodically reappear with almost tidal frequency. In 
this region confidence tricksters abound, 

1909-35.—R, Berthon was the original patentee of an important 
invention now called the “* lenticular" process (B.P. 10,611, 1909), 
In association with A. Keller-Dorian (B.P, 24,698, 1914), methods 
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were patented for embossing films with cylindrical, or other type, 
refracting elements, This process was exhibited in Paris in 1923, 
being then known as the Keller-Dorian-Berthon process, The method 
was successfully commercialized for 16-mm, film by Eastman Kodak 
in 1928 under the name "* Kodacolor,’” the rights having been pur- 
chased in 1925, 

In England a great deal of public money was invested in the Berthon- 
Keller-Dorian patents; but problems of copying ultimately prevented 
any practical application of the lenticular process to the commercial 
motion picture, In America the Keller-Dorian Color Film Corpora 
tion experimented for some years without solving the probably in- 
surmountable optical problems. Lenticular film is an. outstanding 
instance of a method which at the beginning was capable of providing 
results of an attractive nature, but which nevertheless contained 
‘certain inherent weaknesses which its promoters refused to recognize. 
It is said that at Jeast ten million franes have been expended upon 
research in France, about £250,000 was invested in England, and a 
very large sum has been spent in the United States. Other ‘modifi- 
cations of the lenticular process were for a time exploited by the Kislyn 
Corporation in America, and by various companies in France and 
Germany (see description of Agficolor lenticular film, page 321). 

1925-38,—Originating in the Dufay ** Dioptochrome " plate, the 
Dufaycolor mosaic film has so far been the only successful attempt 
to apply the micro-colour-screen method to motion picture film. ‘The 
Dioptochrome plate was made under the patents of Louis Dufay, 
French photographer, and his screen plates were on the market from 
191010 1917, From 1925 onwards a very large number of patents were 
granted for various aspects of what was then known as the Spicer- 
Dulay' process, A great deal of money was spent by Spicers Ltd., 
the well-known paper manufacturers, on perfecting this process, The 
technical work in England was under the supervision of T. Thome 
Baker, F.R.PS., who with Louis Dufay and Charles Bonamico had 
carried out all the earlier research previous to the Spicer period. 
Baker has recounted that several thousand feet of negative were 
made in the south of France on 8line (per mm.) réseau, and prints 
from these were shown at the Pavilion Theatre, London, in 1928, 
but the loss of resolving power must have been excessive, 

In 1937 the various interests of the Spicérs, Hford, and others were 
merged with the interests of Sir Malcolm Stewart, Mr. D. Daponte, 

* Spicer-Dufay Ltd. was incorporated in 1932, and the name was changed to 
Dufaycolor Ltd. in 1933, the capital being £288,000 in £1 shares, ‘The capital was 
increased in 1933 to £630,000. RK. E, Lambton and Spicers Ltd, assigned rights to 
Dufiyeolor Lid, and an interest in the Spicer-Dufay patents wis assigned to 
Golortone Holdings Lid. In 1934 F. S. Cotton was managing director, and a 


ditector of Mford Ltd. (the late Major Mein) was on the Board, Colortone 
Holdings and Cotton held between them a controlling Interest 
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and others in the Cinecolor process (notto be confused with the American 
process), and i large public company was formed under the name of 
Dufay-Chromex Lid. Prior to 1939 the United States market was 
handled by Dufaycolor Company Inc. This company has since ceased 
to operate, largely owing to the poor exploitation of the motion picture 
possibilities in America. 

Tn 1931 the first satisfactory films were exhibited in England, but 
‘at this period the problem of copying the original film (a coloured 
reversed positive) had not been satisfactorily solved. In 1934 Ilford 
Ltd, acquired the control of the British Empire rights, and. during 
this year they placed on the market 16-mm. film which received an 
enthisiastic welcome from amateur cinematographers. During 1934 
4 certain amount of work was produced in the studios, notably a 
sequence in a film called ‘* Radio Parade," a British International 
Pictures production, The film was directed by Arthur Woods and made 
at the BLLP, Studios, Elstree. Claude Friese-Greene was cameraman. 
This film was photographed on reversal Dufaycotor, and the prints 
were also reversal positives. It was trade shown on December 12, 
1934, at the Regal, Marble Arch. The original appearance of Dufay- 
color was disappointing. During 1935 British Movietone News 
exhibited some Dufaycolor news pictures of the Jubilee processions, 
Which necessitated printing a large number of copies very rapidly. 
These prints were reversal copies and they suffered from a granular 
effect known as * boiling."" The work at this period was carried out by 
Kay's Laboratories Ltd. of London. 

The invention by Dr. D. A. Spencer, F.R.P.S., in 1936, of the 
depth developer made nogative-positive processing practicable, since 
the restriction of development to the layer of emulsion in immediate 
contact with the réseau reduced spreading of the image with its con- 
sequent desaturation; also irradiation was reduced to a minimum, 
Furthermore, the work of Dr. G. B. Harrison and Mr. R. G. Horner 
of Tiford Ltd. led to great improvements in the illumination system of 
contact printing machines, moiré patterns being completely eliminated, 

‘The improvements resulting from this research work were first 
put to n practical test in the Coronation film, which was produced 
by Dufay-Chromex Ltd, and distributed by Path Pictures Ltd. 
The processing work on this occasion was carried out by Ilford Ltd, 
at their laboratories at Brentwood, Essex. 

Negative-positive printing of Dufaycolor film was a success, and 
the beauty of the Coronation film made a great impression both on 
the film industry and on the public, During 1937 and 1938 a large 
number of shorts were made in England and on the Continent, while 
in the U.S. an admirable record was made of the great yacht race 
Which was released tinder the title * Sails and Sailors."” Among other 
pictures made during this period the following should be mentioned: 
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“Trooping the Colour” (Pathé), “ Royal Naval Review” (Pathé), 
“St. Moritz” (Rayant Pictures), “ Farewell Topsails"* (Dufay- 
Chromex), Studio pictures such as “ Old Soldiers Never Die” 
(Greatorex-Pearson) and ** Souvenirs " proved that Dufaycolor could 
equal any process in definition and accuracy of colour reproduction, 

In 1937 Dufay-Chromex Ltd, established a processing Inboratory 
at Thames Ditton, Surrey. Special Dufaycolor printing machines 
were designed. and constructed by W, Vinten Ltd,, the Lawley Ap- 
Pparatus Company, and by André Debrie of Paris. 

Processing laboratories are today equipped to print Dufaycolor 
in Paris, Geneva, Rome, Johannesburg, Bombay, and Barcelona. In 
1938 @ modified réseau considerably extended the range of hue repro- 
duction, and an emulsion was perfected for photography by tungsten 
filament limp illumination, The world requirements of réseau are 
fat present entirely supplied by the company’s factory at Sawston, 
Cambridgeshire, The precision machinery for ruling the microscopic 
lines on the film base is chiefly the work of the French engineer 
‘Charles Bonamico, 

It is likely that a still finer screen will shortly be available: the high 
resolving power which will then be obtained, combined with the very 
beautiful colour reproduction for which the process as become 
famous, will ensure a continued life for this make of colour film for 
some years to come, 

1930-35.—At this date, in America, processes being worked com- 
mercially were: Multicolor, Sennett Color, Harriscolor, Vitacolor, 
Mugnacolor, Fox Color, and other processes which we refer to later: 
Multicolor had installed an elaborate and costly plant in Hollywood, 
but by 1933 this process was no longer being worked, 

From 1928 onwards there appeared a very large number of two- 
colour processes, both additive and subtractive. No further advance 
of historical importance was made until Gasparcolor film appeared 
in 1934, For the first time a triple-layer coloured-crmulsion positive 
Material was made which could be printed and processed with quite 
minor modifications of contemporary laboratory technique, and by 
which a full three-colour continuous tone image could be obtained 
without resort to chemical toning, volour development, of the use of 
dyes in processing. This first successful application of the bleach-out 
type of process was achieved by Dr, Bela Gaspar, « Hungarian chemist, 
‘who spent several years in research work before satisfactory prints were 
exhibited. Given normal three-colour separation negatives, Gasparcolor 
film is capable of yielding extremely. beautiful prints, “The process was 
first worked in Germany, 

In 1934 Gasparcolor Ltd. was formed in Great Britain, ‘This 
company made many successful advertising films, but lack of @ beame 
* Multicolor was the direct ancestor of the Cinecalor process of today, 
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splitter camera prevented the use of the process for entertainment 
films, Films printed on this material were shown to the Royal Photo- 
graphic Society in February 1935 to illusteate a paper read by the 
writer. A paper was also presented and films shown at the Proceedings 
of the International Congress of Photography in Paris (July 1935), 
‘The film was manufactured by Gevaert in Belgium, but the war put 
fn end to the operations of the British company. Dr. Gaspar and his 
associates emigrated to Hollywood, where they formed an American 
company. Exploitation of Gasparcolor motion picture film in its 
original form has ceased, but a modified negative-positive process 
will in all probability ultimately emerge (11). 

1935.—* Kodachrome "’ was adopted for the second time by Kodak 
8 a name for a colour process developed in the research laboratories 
At Rochester, ULS., from the monopack patents of Leopold Mannes 
and Leo Godowsky. Both men were anticipated by earlier inventors 
such as H, Kulin (B.P. 6,921/91), K. Schinzel (Brit, Journ. Phot, 1905, 
$2, p, 608), and F. Sforza (Brit. Journ, Phot,, 1910, 57), and Dr, Le T. 
Troland of Technicolor (U.S. Reissue 18,680; B.P. 370,908, 382,320). 
‘These were the inventors of * monopack,"* while colour development 
is traceable to Rudolph Fischer, father of multilayer colour-coupler 
dovelopment (B.P. 15,055, 1912; and N.P. 2,562, 1913) (9). 

In England a first exhibition was given at Kodak House, London, 
on April 5, 1935, and films were exhibited at the Ninth International 
Congress of Photography in Paris (July 1935). Kodachrome film was 
mde available to amateurs in the form of 16-mm, film in the spring 
of 1935 in the United States. In England it was marketed first in 1936. 
‘The old lenticular Kodacolor process was withdrawn from production, 

In 1940 the earlier processing procedure was altered from a controtled 
diffusion principle to differential re-exposure with coloured light, 
much simplifying the process. 

‘The use of 35-mm, Kodachrome for motion pictures has hitherto 
been used only by Technicolor; 16mm, Kodachrome is, however, 
generally available, and it is being increasingly used as the original 
tecord for Technicolor films It has also been used by Gasparcolor 
Inc. and Cinecolor Corp. [13]. It cannot, however, be said that prints 
made from separation negatives ftom Kodachrome can equal the 
delicacy and accuracy of colour obtainable from those derived from 
separation negatives made from the original subject (7). 

Kodachrome film has heen an enormous success, Its subtractive 
primaries are of high saturation, and published absorption curves, 
particularly of the cyan and magenta, indicate particularly suitable 

* The first foature-tilm (o be photogear ‘entirely by monopack in the United 
‘States was" Thunderland-—Son of Flicka," a Twentieth Century-Fox production,. 
‘in 1943-6. It was printed by Technicolor; the manopack was, probably, 35-mm, 
Kodachrome. “Monopack ws tke forthe atime a MEGA" aie Come 
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characteristics. The colours are reasonably stable. Eastman say: We 
believe, but do not guarantee, that a life of many years can be expected 
for pictures made on present Kodachrome film, providing reasonable 
precautions are taken.”” 

In 1942 Eastman introduced « new monopack three-colour negative 
film under the resuscitated name “* Kodacolor,”* formerly applied to 
the lenticular process, Kodacolor appears to be based on the patents of 
M. Martinez (U.S.P, 2,269,158; B.P. 505,834), proposing the use of a 
coupler dissolved in a resin which is then dispersed in the emulsion. 
Martinez was followed by Eastman, Barnet, Du Pont, and Ilford. The 
nation of a water-permeable binder so that colour couplers will not dif 
fuse is merely one solution of the general problem of diffusion which was 
solved in Aghicolor by attaching long-chain molecules to the coupler. 

Presumably Kodacolor film could also be used as a positive film, and 
there would appear to be no reason why this process should not provide 
a negative-positive material equal in quality with Agfacalor of Ansco 
Color. Developments on these lines may be expected. Up-to-date 
Kodacolor film has been made available only in the form of roll-flm. 

Kodacolor film was the first monopack material to incorporate an 
emulsion layer giving a neutral grey masking image [8]. 

1937-9.—Agfacolor 16-mm, integral tripack film (reversal process) 
provided 1 welcome addition to the colour films then available in the 
sub-standard field, ‘The emulsion layers incorporated, non-diffusing 
colour couplers of the type now familiar to us and a yellow filter of 
colloidal silver was sandwiched between the uppermost blue sensitive 
fund the middle green sensitized emulsion layers. The period was 
remarkable for patent activity in the integral tripack and lenticular 
embossed film regions, Eighty or more patents covered a concentrated 
German attack on the perennial problem of copying lenticular film, 
Dr. Bela Gaspar was also active with about thirty new patents covering, 
mainly, proposals for integral tripack negative film, methods of copying, 
and colour-development chemistry. 1G. Farbenindustrie covered 
various aspects of the chemistry of non-diffusing colour couplers and 
of processing film embodying these, Eastman filed over forty new 
patents dealing with similar monopack problems. 

At this period three processes shared the bulk of the world’s demand 
for_professional motion-picture 35-mm. colour film—Technicolor, 
Dufaycolor and Gasparcolor, The first process was predominant, 
Dufaycolor achieved considerable success in Britain but was unable 
to compete seriously with Technicolor owing to an inherent weakness, 
the inability to make duplicate negatives of the requisite quality. 

‘Optimistic inventors contributed still further optical combinations 
for beam-splitting, but the perfect functioning of a prism is not made 
more likely by the multiplication of its parts. There was Hudeley’s 
(B.P, 444,051), This prism belongs to Classification 3E (see page S41), 
u 
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there being three objectives behind # prism system and three sub- 
‘standard pictures in the space of one normal frame, A further patent 
on the Brewster camera is B.P. 450,673, Two-colour beam-splitters 
reminiscent of Raycol re-emerge in Thomas and Bryan’s B.P. 453,221. 
‘One would have thought it late in history for this species of two-colour 
‘additive process. The very complex prism described in Bellingham and 
Stanley's B.P, 459,654 was designed in accordance with the writer’s 
requirements, for Gasparcolor, in 1935. A certain amount of practical 
Work was accomplished, but it was found extremely difficult to retain 
perfect registration of the enlarged sub-standard negatives, even though 
the originals were quite free from parallax errors, This prism is used in 
conjunetion with Bellingham and Stanley's B.P. 431,274, which covers 
‘an ingenious arrangement of the three sub-standard frames spread over 
two normal frames. A. H, Kamfer proposed to take (B.P. 469,359) 
and project (B.P. 478,766) four colour sub-standard records in 
successively exposed pairs. L. Klaver described a four element prism 
‘cemented cube giving images on three films, the divider being behind 
the objective (B.P, 472,468). The writer patented a similar beam- 
splitter in B.P. 475,415, with colour filters introduced within the block, 
“so. that any stray light reflected from a portion of the prism lying 
beyond the reflecting plane responsible for the formation of a lateral 
image will, when finally emerging from the face of the prism adjacent 
to the plane in which the said image is to be recorded, be minus light 
which the recording filter is capible of transmitting, or, if a photo- 
graphic emulsion is used, which does require such a filter, which the 
emulsion is capable of recording." 

W, H. and E. C, Harrison described a two-colour beam-splitter in 
BP, 473,782. The arrangement shows a semi-transparent mirror and a 
prism in front of a pair of sawn-off objectives providing the usual two 
sub-standard negatives. within the area of one normal frame. Further 
Hillman patents were B.P. 478,500, 478,501, the latter dealing with 
additive three-colour projection: later he turned his attention to three 
colour beam-splitters of considerable complexity, B.P. 483,817, 
483,819, 483,820, 494,333, 494,334. L. Horst would take (B,P. 485,190) 
three-colour records side by side across the film, surely an uinneces- 
sarily difficult procedure. Pairs of colour-record images arranged side 
by side and side uppermost arc provided by a complex beam-splitter 
patented by Cosmocolor Corporation, B.P, 489,333 and 474,800, The 
‘arrangement on the film is the same as the Busch process (see page 268), 
Cosmocolor was a two-colour subtractive process of normal type, using 
for the print a double-coated positive stock. Presumably the sub- 
standard records were enlarged by sn optical printer and the images 
toned by a variant of the organic or inorganic toning methods. It is 
reported as being the invention of Otto C. Gilmore,* 

1 Sce abo BLP. $56,426 of the Gosmocalor Corporation, 
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1945-49.—When the Allied photographic service experts entered the 
Agfi factory at Wolfen they found no outstanding improvement on the 
presvar Agfacolor 6mm, reversal film. They found, however, that 
the Germans had successfully made both negative and positive motion 
picture monopack films, the chemistry of manufacture being almost 
identical to the reversal product {10}. Feature films had been made by 
UFA, and it transpired that prints had been made in Paris and Prague 
and perhaps elsewhere, The Germans installed a processing machine 
at the State Laboratory in Prague, presumably to be relatively safe 
from bombing. Some thirteen feature pictures and # number of shorts 
were made and Europe got quite used to Agfacolor. The Allied in- 
telligence. authorities circulated the full manufacturing dats to all 
Photogriphic manufacturers, most of whom are probably now engaged 
in the task of reproducing Agfacolor film. Tt will not prove «simple 
ask, OF interest is the fact that material made subsequent to. the 
inclusion of the Agfa works in the Russian zone of occupation exhibits 
4 marked improvement in colour range. A film recording the trium- 
phant entry of the late Dr. Benes into Prague contains reds and flesh 
‘colours superior to those observed in the captured wartime German pro- 
ductions, in which the reds were marked by a brownish hue and the flesh 
lacked pinks. This ig true also of films made by the Russians, stich as 
“Sports Parade, Moscow,”” und **La Fleur de Pierre," the latter made 
At the Barrandor Studios in Prague, This advance is traceable to an im= 
Proved magenta coupler. The ultimate result of the Freedom from patent 
festraint now enjoyed by British and other manufacturers is difficult 10 
forecast, but one can be fairly sure that the user will soon have quitea few 
makes of colour film of the tripack class from which to make his choice. 

In the United States before the war Anseo Inc. (then Agfa-Ansco), 
branch of General Aniline and Film Corporation, had naturally 
full access to the German technical dats and the advantages of patent 
protection owned by the parent company, the sinister LLG. Farben- 
industrie. Ansco had placed an American-made Agfucolor on the 
market before the United States entered the war, This was christened 
Ansco Color Film and issued as 16-mm. reversal film, 35-mm. cartridges, 
find cut film. General opinion was favourable to the new product, 
aamiong other reasons owing to the general release of processing instruc. 
tions; its principal competitor at the time could not follow this Policy, 
‘owing to the complexity and difficulty of the Kodachronie processing 
Procedure, which had until fecently been reserved to the manufacturer, 
In 1946 three types of 35-mm.. Ansco Color reversal film for motion 

Ektachrome, 


cs reversal coloar postive film, and“ Ektacolor,” a colour 
Pesative embodying integral colour masking, both prodicts of Kodak. corte 
Processed by the consumer. Similar materials will shorty be available for proter 
‘onal motion pictures and they willbe known as respectively, EASTMAN COLOUR 
ROSTTIVE mt EASTMAN COLOUR NEGATIVE. Ths former materia, whey 
Jn conjunction with the colour negative, wil of course'not raquite heey 
(5 248501 and HP. S862.) Neen 
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pictures were made available to American film producers, and full 
processing instructions published [14]. Negative and positive 35-mm. 
films for the motion picture industry will eventually be released, and it 
may be presumed that these materials will be practically identical to the 
latest German product. (B.P. 602.881, cic.) 

Ansco designed during the War automatic processing machinery for 
6mm. reversible film, and special 35-mm. machinery has been con- 
structed. The processing of the reversible film neods very rigid control, 
and in general every precaution has to be taken to control temperatures 
and the chemical state of the baths. 

In 1949 Du Pont announced.a release colour positive film for pro- 
fessional use. This is known as Type 275. The product is intended for 
use in printing from thres-colour separation negatives. The film has 
three light-sensitive layers, each sensitized differently so that the desired 
layer can be exposed by suitably filtered light. (B.P, 611,846-7.) 

“The light-sensitive silver halide grains in each layer are suspended in 
three synthetic polymer layers which combine the functions of carrier 
and colour generators. The polymer molecules have attached 10 them 
chemically the necessary colour-forming structure to produce the three 
subtractive primary colours: yellow, magenta and cyan, 

‘The silver grains, when developed, wre intimately in contact with the 
colour-forming groups. This results in very high efficiency of dye 
formation and the use of very thin layers for increased resolution. 

‘The important magenta layer is on top, while the least important 
yellow layer is on the bottom, This contributes to sharpness of defini- 
ion. (See US.P, 2,462,151; U.S.P. 2,414,208; BLP, 600,039-40, 
619,553, etc.) 

In the tripack multilayer solution of the problem of colour photo- 
graphy we have returned to one of the proposals of Ducos du Hauron, 
namely the ** Polyfolium Chromodialytique,”* in which he had con 
ceived an ideal multiple-layer envulsion in each stratum of which 
different part of the spectrum could be recorded. Only rarely has such 
imaginative foresight been equalled in the history of applied science. 

To 194%, Herbert J. Yiites, president of Republic Pictures Corpora 
tion, of which Consolidated Film Industries iy division, announced 
the Trucolor process. In its present form, this process: comprises a 
fwo-colour film, but the method, which takes advantage of manufactur 
ing technique perfected in producing products such as Ektachrome and. 
‘Ansco Color film, is novel. The film support is coated on both sides with 
single layers of emulsion containing non-diffusing resin-protected colour 
Couplers. The classical processing procedure for two-colour films is thus 
much simplified since metallic or dye toning is avoided. It is required 
only to print the two emulsions with the usual bi-pack negatives and 10 
‘process the film in a suitable paraphenylene diamine formula. According 
fo Yates, Easiman Kodak have accepted an order to manufacture twelve 
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million feet of Trucotor raw stock, It will be iteresting to see whether 
4 three-colour process is evolved from the present procedure. It hns 
been reported that Arthur J. Miller, general manaper of the Fort Lee 
Plant of Consolidated, was the prime mover in the development of this 
colour-coupler process. There would appear to be no impediment to 
the exploitation of similar methods by European manuficturers in 
View of oficial publication ofthe manufucturing details of the Agfacolor 
fon-diffusing colour-coupler containing emulsions. ‘The application of 
Such information to specific variations, for example, to double-coaled 
emulsions on one or both sides of the support, can hardly be conceived 
{0 constitute patentable inventions {16].* 

A process being worked in Hollywood at the Trimble Laboratories 
is known as “* Fulleolor."” As far as can be determined a typical two- 
colour processing procedure is employed. ‘Thus dupltized. Eastman 
‘Type $509 stock is used—one side being toned a Prussian Blue and the 
other side dye-toned. ‘The sound track is Prussian Blue, It seems 
therefore to parallel Cinecolor in technique, Master negatives are 
detived from 16-mm. Kodachrome or bipack. The plant enpacity is 
claimed to be 35,000 ft. per day. 

In France a process which has attracted some attention ig known as 
* Chimicolor."” This is a three-colour subtractive film printed from 
three-strip negatives exposed in a beam-spliter camera fundamentally 
Similar ¢o the Technicolor camera, Double-coated film is dyetoned by 
mordanting, one side magenta and the other side cyan. Subsequently 
the Surface of one side és sensitized with bichromate and exposed 10 a 
Positive, The exposed and therefore insolubilized gelatine rejects dye 
This is strictly in accordance with the technique of the Pinatype process 
of Leon Didier (F.P, 337,054, 1903), The thind printing is hence by 
differential absorption of a yellow dye applied to the re-coated surface, 
A protective varnish is applied to the finished product. Work dates 
buck to 1931, ‘The chi technical sponsor is R. Valette, who was a 
Pupil of Didier. Didier was an associate of the great Ducos du Havron, 
$0 thatthe process can boast a sound ancestry. 

Still another French process is called “* Thomson<olor.”* The 
original record is a lenticular film, Presumably the eamera record ie 
by reversal processed to # postive, From this positive three separation 
Degatives are extracted by optical printing (see Lenticular Film), “The 
Print is then made on double-coated film. It is mordanted and dyer 
toned one side yellow, and the other side eyan, One side is subvequentty 
fe-coated with emulsion, and finally toned magenta with a nighel cal 
Mention should be made of Kalichrome for which is claimed the pro. 
duction of two- and three-colour prints, using double-conted sinc: 
The usual dye mordanting and re-coating with emulsion is employed 

Ia spite ofthe sraming of BP 62697, 
" Coppi Franase por Espoo des Pools -Thormon Houston 
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1o obtain the third colour by once again mordanting and dye- 
toning. 

Much has been heard of the brothers Roux, who have recently 
obtained wide publicity for their additive system, It does not appear 
that any marked advances have been made on the optical system de- 
scribed in B.P. 385,141, 1932. The toss of light in projection is inevitably 
very serious, with the result that the inventors are said to be relinquish- 
ing their additive projection beam-registering Jens in favour of a 
subtractive print made from the three, or four, sub-standard negatives 
in the area of a 35-mm, frame provided by the Roux beam-splitter 
optical unit, ‘The negative arrangement is not dissimilar from that of 
Francita and Thomascolor, It is proposed (o print optically by enlarge 
‘ment from each miniature negative direct to a 35-mm. colour positive 
‘monopack material, such as Agfacolor, Gevacolor. ‘The chief difficulty 
Would be to obtain perfect registration, 

Cinecolor (Ametican) now plays « much more important part in the 
colour film situation than it did a few years ago. This process is the 
direct descendant of W. Van D, Kelley's"* Prizma,"* from which a large 
family of * processes "* stemmed, amongst others. ** Kesdacolor,"” 
* Kelleyeolor,"""* Magnacolor "” and'* Multicolor.” W. T, Crespinel 
hhas stated that he was associated with Kelley, and that in 1928 he was 
interested in Multicolor. Crespinel claims to have been instrumental in 
developing a practicable bi-pack with the assistance of Du Pont. He 
tecalls that they called the earliest bi-pack ** Rai 
Du Pont subsequently marketed this material 
major feature was M.G.M,"s * Gallant Bess" photographed by John 
Boyle. There is no published information as to the precise processing 
procedure, but one side of duplitized film is doubtless toned Prussian 
Blue (ferro ferricyanide) and the other side is dye-toned by use of a 
suitable iodide mordant (B.P. $06,450), Alternatively uranium toning 
plus subsequent surface dyeing can be employed. The method of 
application is niost likely to be by flotation of the film. All printing 
is necessarily carried out on step by step registering printers. Cinecolor 
is today processing both 16mm. and 8mm. prints, Reduction 
negatives are made from the 35-mm. original bi-pack negatives. It is 
stated that the company “has developed a three-colour system of 
producing colour prints. ‘This system has been in use for the Inst three 
years, particularly for cartoons and blowups from 16mm, Koda- 
chrome.’” It is impossible to deduce from this description how the 
third colour is added, but it is most likely that imbibition printing, 
is employed. In this case Cinecolor must possess a pin-belt 
transfer machine similar in principle to the Technicolor * 1.8," 
machine. ‘ 

“The rather unexpected revival of interest in two-colour processes has 
brought Cinecolor into the foreground as a major competitor and today 
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there is an output from the Cinecolor laboratories in Hollywood of no. 
fess than 120,000,000 ft. of print per annum. This extraordinary turn 
of events in the history of a colour film is to be explained partly as an 
sconomic phenomenon and partly as an answer to the insistent demand, 
for a product possessing acceptable quality but which for its production 
does not necessitate a beam-splitter camera and the rather meticulous 
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limitations and controls imposed by the more complex three-colour 
Competitors. A two-colour process can in the nutute of things only 
provide a minute proportion of the total range of colour sensations, and 
the undoubted satisfaction which hus apparently been registered by 
uncritical audiences confirms the belief held by many colour filia 
experts that the averaue film-goer is far less sensitive to the sublleties of 
Colour than had been generally supposed. It does not seem that two- 
colour films have impressed even film technicians as being markedly 
inferior, or indeed different in any way, from films possessing a full 
colour gamut, and whilst producers ein hardly be blamed for exploiting 
the advantages which this situation presents, it is difficult not to feel 
» 
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some regret at the return fo a stage of progress which marked un earlier 
phase in the evolution of the colour film. ‘The low cost and ease of 
handling of two-colonr film have attracted the attention of news film 
producers and an attempt is to be made to introduce regular issues in 
the United States, ‘Two-colour films which have tecently been 
produced are shown on the previous page. 

With regard to the frequently advanced objection to film’ base 
carrying emulsion coatings on both sides as not being capable of being 
projected with perfect definition, R. H. Cricks has observed, 
** Mathematics disproves this idea. The thickness of the film base is 
.005 in.; assuming u 5 in. projection lens, this means a difference in 
image plane of 1-1/1000 the focal length. At a throw of 100 ft, this 
means a difference in focus of only just over 1 in,; quite normal angles of 
rake produce a difference of 2 or 3 ft. which passes unnoticed.” 

If colour prints made from bi-pack negatives sulfer from lack of 
definition this may safely be asctibed to the scattering of the light in 
passing through the first emulsion to reach the back element of the 
bi-paick, for which reason every technical device must be adopted. to 
enyure the maximum contact between the films, (18), 

In 1945 Ansco announced three new types of 35-mm. professional 
colour film. ‘These were Reversible Type 737, a soft gradation film 
intended to act as a master record. Reversible Type 732, a release 
positive printing tilm, and Type 132, « duplicating film. The former 
two types are available on nitrate or acetate film base. Luter on a new 
* One-Strip Color Separation Film '* was marketed, intended for 
‘making separation negatives from original reversal colour positives 
comprising the intermediate stage in the preparation of the monochrome 
positive masters for printing on Anseo Reléuse Positive Type 732. 
Equal gammas for the three separations are a valuable characteristic 
of this product. Ansco Color has been used for u recent American 
film, “* Sixteen Fathoms Deep." Time remarked that “In some 
scenes Ansco Color seemed far more natural than the more expensive 
‘Technicolor,”* This reference to comparative cost seems unlikely to be 
based on fact 

‘Thomascolor, of which there has been much written of late in 
‘American journals, isan additive system based on the patents of Richard 
Thomas. The optical system provides, it is claimed, four sub-standard 
parallax-free images within the area of a 35-mm. camera aperture 
(BP, 453,221). A corresponding four-clement projection lens includes 
‘means for ellécting accurate registration on the screen of the part 
images, Thus Thomas offers only what has already been accomplished 
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by the Roux optical devices, by Francita, by Bassani, and many others. 
The usual extravagant claims have been made. Whatever support the 
‘enterprise may succeed in altracting it is pretty safe to prophesy that its 
subsequent history will not be unlike that of ils predecessors. Needless 
to say such optical accessories can always be" invented "and developed 
to the stage of an impressive demonstration. Between this point and 
the invariably threatened ** revolution in the industry "" is an abyss, 
and nobody has crossed it, One never can tell, however. Richard 
Thomas Enterprises is exploiting the process, In an article (19) in the 
American Cinematographer, on Thomascolor, « statement is made 
which the writer cannot forbear to quote, “In projection, the light 
from an ordinary lamp-house is ample, Since there is only white light 
projecting through the single emulsion transparent print and the 
light transmission is a3 great as with black-and-white, with no dyes to 
hhold it back, the light transmission to the screen is nearly total. An 
‘unusual brightness range is the result.”* How happy Mr. Thomas 
must be! 

In England the most promising development is today known as 
“ Dufaychrome."" This name was adopted by Dufay-Chromex after 
acquiring rights to what had hitherto been known as ** British Tri- 
solour.”” The private company which had sponsored the development of 
the patents of Jack Coote, F.R-P.S., a well-known authority on colour 
Photography, was known as British Tricolour Processes Limited. Coote 
had contributed « considerable body of patents covering a complete 
situation, namely,  beam-splitter camera, a new type of negative, and 
several positive print techniques. The camera has been fully described 
Jn the Juno 1948 issue of the Journal of the S.M.P-E. The general 
design closely parallels the Technicolor instrument, and similar three- 
strip film stock is used. ‘The print process makes use of a two-layer 
emulsion coating containing non-diffusing colour couplers, and this 
coating after printing is subsequently re-sensitized by quite a new 
technique, and printed. Development follows the general formule and 
Aechnique of Agfacolor and similar processes, und is carried out as a 
single operation. The laborutory resources are to be rapidly expanded, 
but the present limited output is of first-rate quality and shows par. 
ticularly good definition, Since the price is comparable to Technicolor 
an important future for Dufaychrome is assured, 

The first extensive use of" Technichrome " was in making @ colour 
film of the Olympic Games, 1948, This film was made for the J. Arthur 
Rank Organization Lid, by Castleton Knight. Fig. 7A illustrates what 
‘must surely be the largest aceumulation on record of cameras equipped 
for the exposure of bi-pack. The shortage of beam-splitter cameras 
‘and possible economies effected in production cost presumably led to 
this production being made in two-colour  Technichrome.” Techni. 
chrome prints are made on the same machine used for Technicolor 
2 
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three-colour prints, and in order to avoid any hold-up in the normal 
‘output the two-colour print is made ftom three matrices. Thus the 
yellow and magenta matrices are made from the same greeo-blue 
‘negative record, These two matrices can, if desired, be developed (0 
different gammas, and this could result in a colour scale emphasizing 
red in the dark colours while the tones of increasing lightness would 
become more predominantly orange or yellow-orange in hue. 


‘Outstanding Patents 


Patent Number 


1868 


1875 
1876 
1879 
1881 
1895 


1897 


1903 
1908 
1905 
1905: 
1906 


EP. $3,061, 


BP, 4,362 
BP. 2973 
BP. 2.969 
BP, 1436 
FP, 250,862 


BP. 28,920 
Be. 938 
DRP. 96,799 
BP. 21,649 
BP. 23863 
BR, 3,560 
BP, 6.202 
BP, 13,883 
BE. 21,239 
BP. 10083 
BP. 13,468 
BP. 3,729 


FP, 328,321 


PPS 
Bp. 7,179 
BP SSD 
BP. 9.465 
BP. 25,908 
BP. 26,671 
FP. 364,369 


Patentee 
Ducos du Hauron 


Edwards, E 
Ducos dur Hauroo, 
Swan, J. W. 
‘Wameke, L. 
Ducos di Haron. 


Bennetto, J. W, 


Butler, ET 
Isensee, H, 
Friste-Greene, W. 
‘Davidson, W. Lascelles 
Edwards, BJ. 

Lee and Tumer, 


Friese-Greene, W, 


Sanger Shepherd, E- 
Davidson, W. Lascelles- 
Davidson, W: Lasealles- 


Davidson, W. Lascelles 
‘and Dr. Jumesux. B. 
Conipagnie Générale 
‘dex Phonographes 
Ginématographes et 
‘Appareils de Précision, 
Ditto, 


‘Davidson, W. Lascelles 
Prenninger, O. 


Frlese-Greene, W 
Penninger, O. 
Smith, GA and 
Urbat, 
Berthon et Gambs, 





Subject 
* Les Couleursen Photographie: 
Solution du Probleme.” (Pata, 
1869). 
First imbibition patent. 
‘Threecolour provess. 
Rete Images. 
Relief Images 
Basic ides of bi-pack or Poly= 
folium Chromodiaiytique 
© Semindialyte"™ system, Bis 
pack and single fis, 
Threeolour still exmera. 
‘Three-colouradditiveprojection. 
Rotary eolour shutter, 
“Thiee-lens camera. 

Early three-colour still camera, 
‘Threesolour additive “proje 
tion and special movement. 
Projection lantern Tor BP. 

21,649. 
Early prism beamsplitter, 
= Semisdlalyte" ail camera. 
Camera with hres mirrors in 
front oa lens. 
Prisin projection syxem, 





Production mécanique de sujets 
colorés pour rubans ou films de 
‘inématographes. 


Coloriage intermittent et com 
bine des bandes ow fis 
ccinématographiques. 

Prism beam-splitters. 

Projection Jens and prism for 
2 of 3colour projection, 


COLOUR CINEMATOGRAPHY 


Patent Number 


1906 


1906 


1907 


1901 


1907 


1907 
1908 


1908 
1909, 
1909 
1910 


1910 


1910 


1910 


1910 
19tt 


wit 


1911 


34 


FP, 380,889 


FP. 381,494 


FP. 375,110 


EP. 388,616 


EP. 394,199 


FP. 394,236 


FP. 399,762, 


BP. 453 
BP. 10,611 
BP. 5945 
FP. 422,640 


FP. 418.773 


FP. 430,600 


FP. 434,002 


DIRP, 238,514 
87173 





DR iP. 287,160. 


BP. 1,682 


Subject 
Compagnie Générale Muuchine pour colorier mésa- 
des Phonographes, _niquement les films. (images 
Cinématograpbes et —_cinémategraphiques). 


appareils de precision. 

Joly, 5: Prooédé de projection ciné= 
‘matogriphique en couleurs et 
dispositif le realisant.. 


Berthon (et autres}, Perfestionnements aux profec- 
tons cinémitographiques en 





souletts, 

Dufay, Louis, Procédé de fabrication décrans 
‘ransparents a elements poly 
‘chrome pouir la photognsphle 
des couleurs. 

‘Sopiété es. Eublisse- Machine: coloner lex bandey 

‘ments Gaumont ‘cinématographigues par trans- 

Pott de fa couleur. 

Ditio. Systime de coloriage det bandes 
‘cingmatographiques. 

Berthon, R. Perfectionnements aux procéslés 
‘de coloriage des films einéma- 
‘tographiques, 

Davidson, W, Lascelles- Endless filter band. 

Berthon, Origin of Lenticular System, 

PYenninger, O- ‘Overlapping colour sectors, 


Compagnié Générale Machine eectrique & découper 
des Phonographes, les andes pochoits pour le 


Société des Etablisse- Dispositif assurant dans les 


‘ments Gaumont, machines a colorier les films 
sioématographigues, Je sepéc~ 
agedu pochoiretdelapellicule, 

Benhon, R. Méthode de photographie et de 


projection donnant Tillasion 
‘da relif, également applicable 
aus projections encouleurs. 


Rerthon, Ret Audibert, Dispositif de prise de ynes et 
M. projection cinématographique 
3 photographique en cou 

Lewy, E ‘Double-coated film. 
Socisié des. Etablisse- Cinématographe perfection’ 
‘ments Guumont. our projeter en couledrs 


naturelles d'apets le proabde 
ttichrome. 


Neue Photographische Verfahren zur Herstellu 
Gesellschaft (Fischer). Farbenphotographien. 
Colour. development; and 
Bennet, Twoyerttaly ap 
6. etl superposed Insts 
Origin of British Cinecolor, 
* Rayeol” and such adits 
systems, 


Patent. Nutnber: 


1912 


v2 


1912 
1912 


1912 
112 
2 
1912 
1913 
1913 


ey 


1913 


wid 
1914 
114 
wis 
i916 
1917 
1917 


EP, 450,930 


FP, 448,565: 


BP, 3,034 
FP. 450413, 


BYP, 3,220 
BP, 10,150 

BP. 24,159 

BP. 25,142 
USP. 1174 144 
EP. 461248) 


PP. AT3 862 


FP. 466,781 


BE U8 
EP. 471,061 
USP. 1,196,080 
BP, 13429 

BP. 100,082 
USP, 1,573,595 
USP, 1,573,596 


USP, 1,570,509 
USP. 1,677,309 


USP, 1,583,108 
USP. 1,336,808 
BP. 217357 

USP, 1,676,802 
USB. 1516828 


US. 1,607,440 
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Patentee Subject 
Socisié dot Etablisie- Perfectionnement aux.appareils 
‘ments Gaumnont. ‘cinématographiques pour pro- 
Jections en couleurs naturelles 
apres le procédé trichrome. 
Hamburger, A. Perfectionnement dans Is photo- 
graphie des couleurs. 
Urtan, C ‘Two mirrors behind one tons. 
Urban, C. Perfectiomnement aux appareils 


photographiques employés 
dans la cinématographie en. 


couleurs. 

Société des Btablisse- Three sawo-off lenses for 
‘ments Gaumont, camer. 

Bennett, C Mirrors ia front of objective. 

Beck, Cand Bennett, C. Origin of **Cinccolor™ (British). 

Player, D. W. Rotating mirrors, 


Hemander-Mejia, A. Double-coated fim. 
‘Cie Générales des Btab- Systéme optique applicable aux 
lissementsPathéFréres. appareils trichromes. 


patrons 

fant des fis into 
sraphigues. 

KellerDorian, A. Systeme de gravure pour pro 
“ections_photosraphiques r= 
produisant les couleurs de fa 





‘nature. 
KellerDorian, A. Eigraviig tloid for Lenteu. 
‘fil, 
Société des Etablisse- Appareil de prise de vues en cou 
‘ments Gaumont. leurs parle procédé trichrome. 
Comstock, D. F. Photographs in color and 
‘method of making same. 
Capstuff, J. G. ‘The earlier" Kodachrome ™* 
process. 
Brewster, PD. Perforated mirror as beam= 
splitter. 
Wall, Kalmus, Com- Dye composition. 
stock, Westcott. 
pitts. ‘Treating. photographic enmul- 
‘sion and color sensitizing 
somposition, 
Westcott. W. B, “Treatment of cinematograph 
films, 
Frolund,L.Tand Bull, Reghtering and cementing 
LA. ‘cinematographic fims. 
ali, JA ‘Color cipematography. 
Comstock, D. F Color cinematography. 
Buty, L Origin of * Dafaycotor.” 
‘Comstock, D. F Color cinematograptiy 
Munnes, and Color _photosraphy (Kodi- 
Godowsky, 1 cetirome). 
Comitock, D. FE: Cinernatographis iy treating 
apparatus. 
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Patent Number Patentee Subject 

1925 USP.1,677,310 Troland, 1. T- Cinematographic apparatus, 

1925 USP.1716989  Troland, LT. Registration means for fine 
Printing muctines. 

1925 U.S.P. 1,807,805 Supden, B. and Preparation of colored repro- 

Tuttle, BS? ddactons by imbibition, 
1927 USP. 1,707,695 Troland, LT. and Suction apparatus for imbibition 
Whitney, J printing, 

1927 USP. 1,207,710 Comstock, D. F Method and apparatus for 
imbibition printing. 

1927 U-SP.1,873,259 Ball, J. A, Color cinematogr, apparatus. 

1928 USP. 1860912 Troland, LT, Two-stage method of dyeing 
films and resulting product. 

1927 US. 1,900,140, Sugden, B. and Method of icab.bition printing 

Tuttle, B.S, ‘with pure primary colors, and 
product. 

1929 USP. 1,848,377 Trond, LT. Plural image optics system. 

1929 USP.1371/649 Hall, J. AL Tiiree-color cinemnatogr. camera, 

1929 USP.1919,673 Troland, L-T.and Technicolor process. 

Eaton, RD. 

1929 US.P.1.924890. ‘roland, LT. Method of preparing gelatin 
blanks. 

1929 US.P. 1,821,680 ‘roland, L. 7 Multilayer film and process of 
making. 

1929 USP. 1,924,901 Ball, J. A. (Color cinemaioge, apparanus. 

1929 USP.184377 Ball J. 4 Color cinematography. 

1929 USP. 928,714 Whitney, 9,1 Apparatus for affixing pins to 
‘metal belts 

1930 USP.1.974935 roland, LT. Film covering method und 
‘apparatus, 

1930 US. 1,928,708 Troland, L. 1. Multilayer film anid method. 

1930 USP. 1996928 Mannes, Land Semsitized photographic ele- 

Godowsky. L ‘ents and process of making 
same (Kodachrome). 

1930 PRP. S647 1G, Farben Yerfabren ar Uberfabiung von 
hotographischen Sierbil- 
dem durcty Onydation und 
Verwendung von Leukower- 
binunges 

1930 USP, 1,889,039 Ball, 1. A. Multicolor photography with bie 
packs, 

1930 USP.2015116 Troland, La Photographic matris, 

1931 USP, 1/923,764 Photographic gelatine rei, 

1931 USP 1or6.3s5 Subtractive color photography 

1931 US 200,058 ‘Three-color photography. 

W931 USP. 1919673 Photograph reli 

1931 USP. 2032401 3 ‘Color photography. 

1932 U.S.P. 21591884 Mantes, L and Color photography 

Godowshy, L. 

1933 USP. 1.993.576 Troland, LT ‘Monopack process. 

1933 USP. 2068879 Troland, L. T. Photographic relief process. 

196 FP. 767,707 Siemens ct Hake. __ Prog de production de copies 
de fms dtramse leticulaire.. 
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Patent Number Potente Subject 
193 FP 7RKST De Lass Procédé et dispositit pour fa 
copie de fllms gauteis sur 
films gaufees et te projection 
correcte de ces copies. 
1934 US.P.2079,470 Sugden, B. und Method of making imbibition 
Tuttle, BS, films, 
19M USP.2,046,320 Barbank Methodofmakinghanlened gela- 
tin fas and resulingproduct 
1935 BP. 487,981 LB. Corporation, Wea- imbibition printing machine. 
yet, EH, Imlay, R 
1937 USP.2072.091 Ball J, A. and The Technicolor camera. 
Racket, G. 
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CHAPTER 2 
The Theoretical Basis 





Th’ invention all admired, and each, hove he 
‘To be th” inventor missed; 30 easy it seemed, 
Onee found, which yet unfound most would have thought 
Ampossible, 
Mnztox. 


IHROUGH the agency of our sense organs we perceive certain 

aspects of the physical universe. The eye is a specialized instru- 

ment for responding to a certain limited range of radiant energy 
which we call light. The ear responds to molecular vibrations, as of 
air, or of water, or of a solid. 

During the last fifty years men of science (or perhaps the men of 
applied science, called * inyentors “) have solved most of the problems 
of recording and reproducing the physical stimuli which originate our 
sensations. 

Reproductive processes have two aspects: 


1, Recording. 
2. Reproducing. 


In the case of colour photographic processes, these may be alterna 
tively expressed as: 

1, Analysis. 

2 Synthesis, 


Generally the apparatus by which recording is done copies in much 
of its constructive detail one of the sensory organs. If we record 
sound we use an artificial car, the microphone. If we record light we 
use an artificial eye, the camera fens and film. 

Between the analysis and the synthesis there can be inserted a 
transformation process by which the original physical stimulus may 
be temporarily changed into another mode of energy transmission. 
This may be for reproduction at a distance. Hence in telephony 
sound waves ut a viven place are transformed into electrical impulses 
and transmitted by suitable conductor to.a distant point, where they 
may be transformed again by a reproducer into air waves corresponding 
to the original sounds. The problem of television is still more complex, 
for here we are transforming the vibrations of light, comprising every 
point in an image, thirty or more times per second, into modulated 
electrical waves of « type suitable for radio broadcasting, and subse- 
38 


THE THEORETICAL BASIS 


quently retransforming these at some distant point into light spatially 
50 disposed as to form an image of the original subject. 

Recording images of the visible world in colour has proved a par- 
ticularly difficult task. As colour is a special quality of vision, before 
much could be done some working theory had to be evolved as to the 
‘mechanism of colour vision. In the apparatus and theory of colour 
photography we have a very pretty example of recording mechanism 
designed to function similarly to the sensory organ concerned. 

Some twenty-five years after the Swedish chemist Karl Witheim 
‘Scheele (1742-86) had first noted the variable darkening of silver 
chloride by the different rays of the spectrum, and in the same year 
(1802) that Thomas Wedgwood published in the Journal of the Royal 
Institution an account * of a method of copying paintings upon glass, 
and of making profiles by the agency of light upon nitrate of silver,” 
Dr. Thomas Young had siven his paper before the Royal Society 
in hich he had hypothesized that colour perception depends on the 
presence in the retina of three kinds of nerve fibres whose response 
to the stimuli of light waves gives rise to the sensations respectively of 
red, green, and violet. It was nevertheless not until twenty years 
after William Henry Fox Talbot (1800-77) announced the discovery 
(1834) of photographic printing of images upon paper! that Clerk 
‘Maxwell (1853) suggested means whereby photography in colours might 
be achieved by a three-colour photographic analysis, based upon the 
three-olour theory of colour vision (1) 

Clerk Maxwell, Ducos du Hauron, and other pioneers must have 
approached the problem somewhat thus: By means of photography 
it is possible to record images of the visible world in gradations of 
the scale white—grey—black, How can the photographic process be 
muds to conform to the response of the eye in all respects, including 
its sensations of colour? Now, it has been shown by experiment that 
three colours of the spectrum can be chosen from which all other 
colours ean be matched by mixing various proportions of these three 
(Maxwell had chosen red, green, and blue). The experiment of the 
mixing of lights composed of isolated wavelengths of the spectrum 
chosen at points where the red, green, and blue hues seemed most 
intense had shown that varying proportions of these matched other 
‘parts of the spectrum in such a way that esch primary was spread over 
Acregion of, roughly, a third of the spectrum. Evidently, visible light 
must be divided into three groups of waves, cach of which must be 
‘caused to form a record of the proportion in which each of the mixture 


* Joseph Ni Niepce, French physicist (1765-1833), fad fegum his researches 
upon photography as carly as 1814. Later he worked in atociation with Louis 
Jacques Mande Daguerre (1789-1851), the outcome of their researches being the 
*Daguérreotype ™ process. 

® Proc. Roy. Sec, 1883, 21; Traxs. Roy. Soc, Edinburgh, 1857, 21, 275. 
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primaries would be'present to match the original light coming from a 
given part of the image. Thus the light would have to be filtered 
three times. The simplest kind of analyser will be a coloured glass or a 
piece of gelatine dyed with an appropriate dye or dyes. Red, green, 
and blue filters must be placed one at a time in front of the lens of 
the camera, or somewhere in the optical system, to act as selectors, 
or analysers, during the time of the exposure of the sensitive photo- 
graphic emulsion to an image of the subject. Next, a photosraphic 
emulsion must be made which is capable of recording: radiation of 
any colour (that is, sensitive to light throughout the spectrum) which 
the analyser may transmit, Then let three pictures be taken of the 
Subject through the three analysis filters. One negative will bear 
various densities representing the amount of the red sensation-causing 
light in the original subject, another the green record, and a third the 
blue record. ‘Then let us next make ordinary blick-and-white positives 
from these negatives. These positives will be transparent in proportion 
(neglecting certain failures in the functioning of the photographic 
Process) to the amount of light recorded by cach of the negatives. 
If with a triple “magic lantern” these transparencies are projected 
‘ons on top of the other upon a screen, projecting the positive of the 
red record through a red filter, the green through # green, and the 
blue through a blue filter, the respective coloured lights in their vary- 
ing analysed quantities will thus be’ added together, and the final 
combined image should recompose the original colours of the subject. 
photographed. ‘Though the first attempts were not very successful, 
the combined pictures of coloured light did roughly resemble the original 
subject. This method has become known as the Additive Process. 

By the means described above the three positives were modulating 
by their various densities the stimulation value of red, green, and. blue 
light in all parts of the original image, and the colour filters were provid- 
ing suitably chosen trichromatic stimuli. Every part of the triple com- 
bined image represented various proportions of the chosen trichromatic 
stimuli. Where all three plates happened to be transparent in the 
same part of the picture there was transmitted to the sereen and from 
thence reflected to the eye of the observer the full value of red, green, 
and blue light from the light-sources in the three lanterns. The resulting 
sensation derived from that part of the image was white, Other relative 
Proportions of the three stimuli gave rise to nearly every other colour 
sensation. 

‘When these principles frave been grasped the theory of the subse- 
quent attempts to solve the problem will be readily understood. 
First, there must be the analysis of the light into three parts of the 
Spectrum (or three spectral distributions constituting stimuli confined 
to three parts of the spectrum which, by additive mixture in varying 
Proportions, can be made to match i large range of colours): next, 
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the photographie recording of this triple analysis; finally, the reproduc~ 
tion, or synthesis, accomplished by recombination of the trichromatic 
stimuli in their original proportions. 

Before describing variations of analysis methods it is necessary 
to refer to an alternative method of synthesis. This is best understood 
by realizing that there must be two ways of recombining the primary 
elements, or trichromatic stimuli: 

1. Adding three suitably chosen coloured lights together, starting 

with no light. 

2. Starting with white light (namely, a combination of the whole 

Tange of visible radiation) and subtracting from it various 
amounts of trichromatic stimuli. 


‘The latter alternative is known as the Subtractive Process, 

The principle had been familiar to artists for centuries, and their 
practice had been the origin of the false assumption that red, yellow 
and blue were the primary visual stimuli. Those three colours which 
are found to be correct subtractors of each of the primary light-sources 
must necessarily be reflectors, or transmitters, of the remaining two- 
thirds of the spectrum. Thus we find that the three subtractive primaries 
are: 








1, Red subtractor—reflects (or transmits) green and blue. 
2. Green subtractor—reflects (or transmits) red and blue. 
3. Blue subtractor—reflects (or transmits) red and green, 


‘The three subtractive primaries are therefore; 
1, Cyan (green and blue light reflected or transmitted), 
2. Magenta (red and blue light reflected or transmitted). 
3. Yellow (red and green light reflected or transmitted), 


Ducos de Hauron was the first 10 define clearly the relation 
between the three-colour separation negatives and the production 
from them of a subtractive print or colour transparency. The gradations, 
of a black-and-white. positive print, as we have remarked, made from 
a colour separation negative, represent the light whick was not re- 
corded on the negative. Used as a transparency pliced in front of a 
source of light it can be made to function as an absorber of the particular 
primary colour recorded on the negative from which it was made, 
To this end the positive print must be rendered in such a colour as 
will be transparent to the remainder of the spectrum unrecorded on 
the negative, and opague to the colour which was recorded. So that 
from the three negatives three positives are made, each in the colour 
complementary (namely, the balance of the spectrum) to the light 
recorded on the negative used. When assembled in superposition, 
we have in fact made an infinitely variable three-colour subtractive 
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filter which can be placed between the eye and a source of white light, 
Thus the red filter negative has to be printed in green-blue (cyan), 
the green filter negative in red-blue (magenta), and the: blue filter 
fnegative in red-green (yellow). 

The additive and subtractive methods of finally resomposing: the 
three-colour image will be further simplified for the non-technical 
reader by reference to Figs. $ and 9, In Fig. 8 is shown a diagram 
Of the additive process. The three projection positives are replaced 
by three density wedges or scales which in this case have a diagram: 
matic significance only. Let us suppose that each of these wedges 
can be moved up and down behind its own projection lens, And let us 
suppose that the lenses are so disposed that their projected images 
fare correctly superposed upon a sereen. In the diagram the primary 
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Fig, #—Diagram of the aditive process, 


colour filters are placed in front of their respective lenses. It is assumed 
that one of more light-sources are placed behind the wedges to supply 
the light for projection. Suppose that the pereentage of light trans 
mitted by each of the wedges were divided into the following eleven 
values (sce table): 


TRANSMISSION FACTOR 





In the position in which the three wedges are shown in the diagram, 


the transmission factors of the steps opposite the respective lenses are: 
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“100 percent. 
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Such a colour would ben pale, whitish green. It is obvious that by 
sliding these wedges up and down an enormous number of colour mix- 
turesis-possible, The principle is identical when three positive pictures 
are projected one on top of the other, the steps of the wedges being. 
then replaced with infinitely variable densities. Of course, the colour 
filters could equally well be stained evenly all over the surfice of the 
black-and-white wedges, and, ds we shall see, this method was adopted 
by-some of the earlier workers employing additive methods of synthesis. 

In Fig. 9 the principle of the subtractive process is diagrammatically 
presented, but in this instance it will be observed that the wedges 
are placed one i front of the other. Each wedge consists of a series 
of coloured steps, one end of the wedge being white, while the other 
end is a step of concentrated colour with intervening colour steps 
graded between. Each wedge is comprised of gradations of one of 
the primary subtractors. 

‘Thus we have a green-blue (cyan) or minus red wedge. This is 
supposed to transmit all the green and blue along its whole length but 
to absorb varying percentages of red. Similarly, we have a red-blue 
(magenta) or minus green wedge and a red-green (yellow) or minus 
blue wedge. The percentage of red, green, or blue absorbed is in each 
case: 


AksonPrion FACTOR 
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In the position the wedges occupy in the diagram it is supposed 
that the: projection system is so arranged that the light is limited to 
the width of one wedge step. The particulur steps which are super- 
posed in the diagram have the following absorption factors; 


$37 pec cent. et 
0% Boe 
Considering the incident light to be made up of 10) parts of each 
of these three colours, the amounts transmitted are clearly 
100-937—= 6 pars rod 


100-90 = 10, green 
Jo—0 = wo blue 


COLOUR CINEMATOGRAPHY 


Jowonyn uo a1 y>I4a, 
wpe Seb 








‘nied 00) "99219 sted go) 
Jo 38> oF hh Jo shee 


% ey | 





xe 
oe 
ne 
hd, 
006 

eee 
oe 
546 
p08 
cy 



































sanqid aapoengns 9x9 jo unin —6 “Oty, 





£2 ga1tw03 0 
wiz go #21n83 043 ae0ding 






which, expressed as percentages of the final transmitted light, equals 
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This colour would be a yery fine cobalt! blue, The three wedges 
here represent diagrammatically the three superimposed printings, 
emulsion layers, or other continuous colour printings used in a sub 
tractive process. As in the additive process, an enormous number of 
colour mixtures is obtainable, the range being limited only by the 
approximation of the primary subtractors. to ideal requirements— 
namely, that each subtractor should, at its maximum absorption, 
completely absorb the primary and perfectly transmit the remaining 
two-thirds of the spectrum, As we shall have occasion to point out later, 
itis unfortunate that the colouring matters available for the different 
processes approximate only roughly to these requirements, an in= 
herent defect which is one of the causes of whatever failure the three- 
colour subtractive process may exhibit in the perfect transformation 
Of the values present in the recording negatives. 


‘THE RECORDING AND REPRODUCTION SEQUENCE 

The proper comprehension of colour cinematography requires that 
‘one should constantly bear in mind the series of transformations which 
take place between the incidence of the light which illumines the object 
being photographed and the last stage of all, in which the light reaches 
the cye from what we. will call the reproduction plane. For we are 
endeavouring to stimulate an observer's eye by radiation (reflected 
from a white screen, or from a two-dimensional surface of some kind) 
intended to produce approximately the same sensations of vision as the 
original light would have done. 

The following are the principal stages or aspects of the recording and 
reproduction sequence: 

1. THE PRIMARY LIGHT-SOURCE. 

2. THE SECONDARY LIGHT-SOURCE* 

3. TRICHROMATIC ANALYSIS. 

4, THE PHOTOCHEMICAL RECORD. 

The Recording Plane. (Trichromatic record.) 
5. THE POSITIVE REPRODUCTION IN ADDITIVE OR SUB- 
TRACTIVE PRIMARIES, 
6. THE PROJECTION LIGHT-SOURCE. 
7. THE SCREEN REFLECTOR. 
‘The Reproduction Plane. 
8. THE PSYCHICAL AND PHYSICAL RESPONSE TO RADI- 
ANT STIMULUS. 


The accompanying diagram (Fig. 10) conveys schematically the 
relationship of the different stages to each other, but it is obvious that 


* Or ultramazine. 
+ A secondary source ** cant be defined wx a body or object transmitting oF 

reflecting light falling on i from any other source (primary or secondary), 
45 


COLOUR CINEMATOGRAPHY 


small errors at any stage must bring about a serigus variation between 
sensations “* A'"* and “‘ B." These errors will be multiplied progres- 
‘ively from stage to stage with important consequences. Throughout, 
itisa matter of most delicate balancing of three factors. Sensation **A’* 
never does match sensation * B"" except tnder conditions which are 
almost impossible to realize in practical cinematography. But the 
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iG, 10.—The recording and reproduction sequence in the subtractive process, 


Achievement of equivalence between the two sensations must always be 
‘our objective, and the causes of failure must be carefully studied at each 
‘Stage of the (ransition, 

‘The capacity of a commercial process. (o reproduce colours ean be 
gathered by consideration of the results tabulated by R, H. Bingham 
9f Ansco, In Table 1 we haye the chromaticity co-ordinates ‘of five 
Munsell samples and theit reproductions by the material, developed, 
respectively, to 4 gamma of 1-0 and I'S. I will be observed that the 
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higher gamma reduces the luminance but increases the saturation of 
the reproduction colours. 
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In these calculations the illuminant was taken to be daylight at 
6,000" K. ‘The three dyes used in the process are shown in Fig. 11. 
It will be scen that the approximations to the originals are in most 
cases singularly near when the immense difficulties involved are taken 
into consideration (Fig. 12). Let us now proceed to examine in some 
detail the various stages of what we have called the Recording and 
Reproduction Sequence, 


1. THE PRIMARY LIGHT SOURCE (FOR RECORDING) 
NATURAL ILLUMINATION; DAYLIGHT, SUNLIGHT, ETC. 


It is generally supposed that the colour-temperature’ of average 
daylight varies over a wide range. This is not so, Only under excep- 
tional conditions is there considerable shift, otherwise it would be 
necessary to make constant adjustments by means of compensating 
filters. It has been shown by F. H. G, Pitt and E. W. H. Selwyn [1] 


+ The colour temperature of 3 light source is the temperature at which a full 
Tidiator would emit radiation of substantially the same spectral distribution in the 
Visible region as the radiation from the light source and which would have the sano. 
colour. Chromaricity is the colour quality of a stimulus, without refereoce t0 the 
Numninance, 4s defined by two of the chromaticity coordinates (usually x and 9) 
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that the integrated light from s number of exterior subjects reflected 
into # camera lens is 


‘epresentable on the average bya colour-tempernture of 4,800" K. and that none 
Of the subjects departed markedly from this, although components of the subjects 
such 1s grass and sky are some way removed from white. The overall colour remains 
the same during the day except towards sunset, when the tight rapidly becomes more 
blue, 
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Pio, 15—The integrated colour of typical exterior subjects 
‘ffpit and Seton 


Aswill be seen from Fig. 13, the interesting fact emerged that the 
colours of the various scenes followed the locus of the black body 
radiators of different temperatures rather closely and all cluster about 
the point representing 4,800’ K. It can thus be concluded that the 
integrated colour of the average subject is very nearly white, and that 
it will be represented by a curve of roughly the same shape as the energy 
curves in Fig. 14, and will be approximately between the limits shown 
by the curves from 5,500° K. and 3,500" K. 
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‘The authors of this paper made this very interesting observation: 


During the petiod of investigation, measurement was mide of the extent of the 
change ia overall colour of typical object during the day. The prevalent iden i 
‘that the colour gets bluer asthe sun tends towards its enith, and thea gets less Blue 
‘when it passes this point. No appreciable change of collar was detected ducing the 
diay, but there was a striking effect close om sunset. This change, Mustrated in. 
Fig: 15, notonly is most marked but alto occurs fairly rapidly. 1a general, the scene, 
38.4 whole, commences to get bluer about twenty-five minules before sutset and the 
‘whole change occurs in approximately fiteen minutes, and then, a3 far as measur 
‘able, the colour remains constant in quality, Two completly different sees, a red 
building and seascape measured on the 6th and 1Sth September nspectively, eave 
almost identical result. This experiment, repeated in November, the subject being 
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4 small green field, with tres and red buildings in the background, confirmel! the 
car mesure The rely ages a he (eqns Maemo ht he 
‘olor of sees gts redder n the eventasis erroneous. In fc, aproniate constancy 
of the colour of the total tight from sun and sky falling on A horizontal sufice wae 
a result arvived at by Kimball in 1928 [2] and 1928 [3] by caleulationg based on the 
colour of sunlight and of skylight and their relative intensities at diferen times of 
the day. Also the caleulations predicted 8 chunse towanls blueness when the ate 
‘wascloseto the horizon. What happens is thatthe direc light from the wun becomes 
‘more reds sunset approaches, but thie direct light is diminishing ia fntensign "The 
scattered light, which f bluish and coming from the whole area of the alg, alee 
Mluminates the subject, and although diminishing in intensity docs 30 at a comer 
fate than the direct light, and the reddening of the direct light i not enough to 
counterbalance the blue ‘of the scattered light. Very similar realty have bose 
teported by Priest [4]. who finds a rapid decrease In colout-lemperuture at sunsies, 
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More sensitive méthods of measurement, using photoelectric apparatus, confirmed 


the facts that the overall colour of a typical subject reniains unaltered during the day 
and that the only marked change in colour oceurs about half an hour before sunset. 
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Ria. 15.—Change of colour immediitely tefore sunset 
‘(Pitt and Selwyn}. 
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ARTIFICIAL ILLUMINANTS 
Artificial illuminants may be divided into four categories. 
nts having discontinuous spectra, 

ts having fairly continuous spectra, 
C, Mluminants having continuous spectra. 


D. Illuminants having continuous and discontinuous spectra 
mixed. 





A. Illuminants haying Discontinuous Spectra 


Incandescent gases emit only certain wavebands, generally yery 
harrow, or even one or two wavelengths. Such line spectra serve as 
the basis of spectrum analysis. In gaseous electric discharge tubes 
there may be great gaps in the spectrum of the emitted light. The 
overall colour is the integral sensation of the retinal stimulation. by 
the radiant energy of the various wavelengths present, 


Examples 


Mercury Vapour Tubes (old low-pressure tubes). 
‘The visual appearance is a green-blue white. 
(Lines at 0-578}, 0-546, 0-436, 0-405.) 


Neon Tube. 
‘The visual appearance is a pinkish red. 


Moore Nitrogen Tube. 
‘The visual appearance is a pale pink. 


Such ifluminants are useless for colour photography, in spite of the 
fact that some inventors have suggested balancing several different 
discharge tubes in such a way as to imitate the white light of an equal 
energy spectrum. 

‘The emission of both the neon and nitrogen tubes is so feeble that 
neither lamp is of any value for cinematography, 

The sodium vapour lamp need not be considered, since the radiation 
consists almost entirely of 5,890 A. and 5,896 A. (spectrum yellow), 
which is useless for colour photography. 


B. Mluminants having Fairly Continuous Spectra 

Certain types of arc lamp using specially cored carbons have a very 
¢rowided line spectrum with powerful emission often in the ultra-violet 
and considerable gaps in the visible region, 
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C. Mluminants having Continuous Spectra 
Examples 


‘The Tungsten Incandescent Filament Gas-Filled Lamp 


‘The commercial tungsten lamp is @ satisfactory source of light for 
colour photography in the motion picture studio, but itis far from being 
ideal, since we start with an overwhelming predominance of red, 
orange, and yellow rays (Fig. 16), Hence, at the beginning of our 
recording stage we have unbalanced quantities of the three primaries, 
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io, 16A—Bifets of operating a tungsten filament lamp at other than rated voltage. 
(Coartesy, GEC—USA.) 


Using lamps run at the voltage for which they were designed, namely 
for the maximum life of the lamp, the position is that the red, green, 
and blue rays must be present in such a proportion as will upset 
the balance of the photographic effect, The balance has to be restored. 
‘at n later stage, and this must entail foss of efficiency, since the excess 
rays must be eliminated. This is generally done by altering the analysis 
filters, taking into consideration their relation to the sensitiveness 

of a given emulsion to fed, green, and blue: 
But there is an alternative solution of this problem which has been 
given a practical trial in American studios. This is to run the lamps 
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at such a voltage as will reduce their useful life but result in» con 
siderable rise in the temperature of the incandescent tungsten filament, 
The requirement is to obtain not only larger proportion of blue and 
violet tight in comparison with the emission of red and orange, but 
also a greater Volume of Tight for a given wattage, since the amount 
Of heat on a set is governed chiefly by the total wattage in use. 
‘Comparing a lamp of the usual type operating at 2.980" K. with an 
overrun lamp burning ut a filament temperature of 3/435° K., the in 
crease in blue-violet radiation is no less than 140 per cent. (Fig. 17). 














“ho, z 
Waave=length(AU) 
Fe. 17. 


‘Thus, by the simple process of operating the lamps on over-voliage, 
wwe receive not only a greatly increased volume of light, but also light of 
an improved quality for the purpose of colour photography, and that 
at the minimum wattage.. To be sure, there is still some excess of rede 
orange which must be filtered out, but the losses are very much re. 
duced. Such filtering can be accomplished by a suitable colour filter 
in front of the camera lens, by gelatine or glass screens in front. of 
the light-sources, or possibly by the use of coloured bulbs, 

Reflectors found efficient in America are such as the Mole-Richard= 
son“ Rifle” Unit. It iseapable of directing $0-60 per cent. ofthe light 
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‘within angles wherein it can be used. Fig. 19 illustrates the candle- 
Power! distribution obtained from = 2.000-watt lamp of the type 
developed for colour photography, and Fig. 18 that from a standard 
1,500-watt lamp usually employed in the studios. The 1,500-watt lamp 
directed 17,000 lumens in the 60° useful angle, whereas the 2,000- 
‘watt lamp gave 32,000 lumens in the same angle, an increase of nearly 
100 per cent. over the standard type. 

‘When overrun these lamps have a life of from 15 to 18 hours. 
The 2,000-watt lamp is used for general lighting, but for modelling 
or spot work the 5-K'W. and 10-KW. lamps are used. They are identical 
tothe standard lamps, but are rated at 105 volts. Sach lamps normally 
‘Operate at 29-30 lumens per watt; and the over-voltage to which they 
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Fig. 18 —Nonmal {,S0Q-watt lamp in Mole-Richardson ™ Rifle” 
ReBector Unit. 


fare submitted when operated on 120-volt circuits not only increases 
the quantity of tight emitted, but also makes the quality of the radiation 
tlhe same as that of the specially designed “* photoflood ” type of lamp, 

In Fig. 20 is shown the distribution of visible energy radiated from 
the tungsten filament at various temperatures. The area bencath 
each curve represents the energy in the visible light radiated at the 
temperature indicated. These curves show that as the temperature 
Of the filament is increased the relative increase of energy in the shorter 
wavelengths is much greater than in the long wavelengths. This is of 
special significance to colour photographic illumination, 

* | equivalent foot candle (fc) i the brightness of a perfocly diffusing surface 
{8-100 ax Pant eltlon facsoe raceving am heaton at Poot eae 
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Fro. 19.—Candle-power distribution obtained from # 2,000-watt mp overran, 
‘sRaprng ap increase of. 100 percent over the standard type Mole Richardson 








‘a order to get balanced nezatives through the standard three-colour filers 
56 


‘erro a fogtee = penal 
crehetny mu 





1 een) Cravens HEE in) 
The Electromagnetic 


Spectrum 








2 
The Radiation Domain 
‘of MAZDA Lamps 




















3 
Effect of Radiation 


Panchromatic Film 


Bess 83338 









































—— SET 
ohracer we 
FLUORESCENT, rel 
4 
Secetal Eseay 
Distribution of Lamps fever greece o “toe aes 
2 eosin] 
a 
tf vom jest] Pip Ld 
iS ee a 
5 Cee narece i 


Fit. 16.—The electromagnetic spectrum, effects of radiation frown watious sources ami ibe disttaicin 
‘Of energy of these. (Br cowriety of GEC USA) 
(Between pp. 56-57 





THE THEORETICAL BASIS 


Corning Glass Works were requested to copy the gelatine filter as 
closely as possible, and they produced a glass now known as Corning’s 
Lunar White No. 570, Actual density measurements from sensitometric 
data taken at the time the colour photographs were made show the 
{ight from this combination of lamp and filter to have 100 units of red, 
102 units of green, and 99 units of blue—an almost perfect white 
(Fig. 21). 
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Fa, 20,—Spectrl energy distribution in the visible reion from tungsten filaments of 
‘ual wattage but diferent temperatures: (Linderman, Handleys and Rodpers) 








At a meeting of the Society of Motion Picture Engineers held in 
1935 Mr. Mili said: “* Tests made in our laboratory indicate a 5 per 
cent, drop in voltage will lower the colour-temperature of the illuminant 
by about 75°. In other words, if the colour-temperature of a photoflood, 
lamp (this type of lamp {s now known as * Movieftood ") at 115 volts 
is 3,500° K., a drop to 110 volts will lower the temperature to about 
3,425" K. and a rise to 120 volts will raise the lamp to 3,575" K." 

It was noted that the temperature of the “' Movieflood lamp is 
3,450" K."" Tungsten melts at 3,635" K., so" we are not-a great deal 
below the melting-point of tungsten. 
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Fic. 23A.—Lamp No. 10: M-R Type 16 Cinelite. Lamp No, 11: Broadside 

(doubles), McR Type 20. Lamp No. 12: Broadside (singles). Lamp No. 13: 

MER TypeftS rie frmp. Lam No. 14: ky light. Lamp No. 5 Overhead 
strip light. 
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THE THEORETICAL BASIS 


“" Tt would be worth while to use lamps in series with a very small 
rheostat and adjust for constant voltage in order that the blue to red 
ratio in the visible spectrum may not change during the course of 
shooting a scene."" 

In America the following tungsten filament Mole-Richardson lamps 
are available for colour photography: 


Tungsten Filament Spotlamps and Floodlamps. 


Fig. 23 (A), (B), and (C) illustrate the various lamps descr . 

(10)! M.R. Type 16 Cinelite.—A spun aluminium reflector, finished 
inside by wire brushing and chemical treatment, which gives ita 
diffusing characteristic; used where lightness and portability are’ re~ 
quired, 

(11) Broadside (Doubles).—Two flood-type reflectors housed. in 
‘one unit, used for oor, side, and overhead lighting, One of the first 
incandescent units made. 

(12) Broadside (Singles),—Similar to Lamp No. 11, but accommo- 
dating only one bulb, 

(13) MLR. Type 45 Rifle Lamp.—Stamped metal reflector, chromium 
plated with rifled corrugations for diffusion, Used for general floor 
lighting, 

(14) Sky Light—A shallow diffuse reflector about 24 in. in diameter. 
Used: below and above sky backings and setoens where flat, even 
light distribution is required. 

(13) Overhead Strip Lamp—A trough-like unit containing sockets 
for five 100-watt PS-S2 bulbs. Used to supply fill-in light where it is 
difficult to use « more bulky housing. 

(16) MR. Type 414 Senior Solarspot—A \4-in, diameter Fresne!- 
type lens. An Alzac spherical mirror is used at the rear of the bully 
to direct the light towards the lens, Used, where high-wattage unity 
are desirable, for back-lighting, front-lightmg, and side-tighting. 

(17) 8, & M. Senior —Similar use to Lamp No. 16. 

(18) MLR. Type 410 Jutlor Solarspot—A \0-in, diameter Fresnel- 
type lens. An’Alzac spherical mirror is used at the rear of the bulb 
to direct the light toward the fons. Used for back-lighting, front= 
fighting, and modelling within its intensity range. 

(19) B, & M. Junior —Similar use to Lamp No. 18. 

(20) MLR. Type 406 Baby Solarspot.—A 6-in, diameter Fresnel- 
type lens. An Alzac spherical mirror is used at the rear of the bulb 
to direct the light toward the lens. The small size of this lamp permits 
its use in places where the larger lamps cannot. be accommodated, 
particularly where itis necessary to conceal a source of high-intensity 
light. 











* Numbers refer to Mole-Richardson identification. 
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(20) B, & M, Baby Keg-Lite—Similar use to Lamp No. 20. 

22) B. & M. Dinky Inky.—An extremely small Fresnel-type lens 
tunit accommodating 100- or 150-watt bulbs. For use where high- 
intensity controllable light is needed at close range from a unit which 
‘may be hidden behind a pillar, mounted on the camera dolly, or carried 
by an assistant. 





‘TABLE 2.—Lamps (TUNGSTEN FILAMENT) FoR Set LicuTING 


























Degrees Bea: | 
MAR. a Divergencles.* | Bele Ne! sup No, 
Lame —— | BF | (Colour) 
Nos [ae | ates. | 
10 | MR. Type 16 Cinelie @| @) 2 
11 | Broadside (Doubles). | 9 | i 
2 | Browdside (Singles) - } 90 | 90 | os 
H2 | MR. TypedsRineLamp <<< | 80 | 60 |toorn| — 
14. | Sky fight se ce 5 | $80:|] tuo |e || 
i | See sate | | a | 2 | 
Type r 
| BRM Sonor wo] @ |] 2] 3 
18 | MR. Type 410 Junior Solarspot wo} we] 3 | 3 
BEE najeain | | S| oh | oe 
21 | Bla Baby Kegtite 4 | 4 | 56 | 36 
22 | B& M: Dinky inty =| Z| tor) = 
altimeter =| 2) |F'| 3 
2 in, 
35 |B Miypersor Mie Lena, 
Stigio Spousmp.. = e) mw] 2] 2 
+ FPS ings mte mtomeh a 
(23) MR. Type 226 24-in, Sunspot—A 24in. diameter glass 


‘mirror, with a spill-ring that allows only projected light to leave the 
lamp, Used for back-lighting large sets, in which case the heads 
are removed from the pedestals and are mounted on parillels or 
platforms built at the top of the set or hung from the stage roof or 
ceiling. 

(24) MR. Type 360 36-7. Suspot—A 36-in. diameter glass 
tisror. Used where the highest intensity of projected fight is required 
from an incandescent tungsten source, 


The Fluorescent Low-Pressure Mercury Vapour Lamp 
These are very low-pressure mercury electric discharge tubes, known 
in Britain as Type MCF, coated on the inside with phosphors, which 
Huoresce mainly to radiation of 2,37 A., of which the tube is an 
efficient generator, 
60 
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(Courtesy of General Electric Co., U-S.A.) 





‘Tate 3.—Morion Picture Srupio INCANDESCENT LaMPs FOR MopeLLinG LicHT (Voltage—I15 Volts or 120 Volts) 


THE THEORETICAL BASIS 
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‘The pressure of mercury is of the order of 6-10 mictons (approxi- 
‘mately one-hundred-thousandth of an atmosphere). A range of phos- 
phors is available giving many colour possibilities. Zine beryllium 
silicate and magnesium tungstate used in different combinations give 
4 close approximation to various phases of natural daylight. The 
efficiency is very high, a 40-W. tube delivering SO lumens per watt 
against a Class A-1 tungsten filament lamp which is rated at 20 lumens 
per watt. In Britain 15-W. (0 80-W, lamps are available, The 
characteristics of the 80-W, lamp are as follows: 
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4 large range of tubes is available, varying from 6 
watts to 100 nd in length from 9 in, to 8 ft, Colour-tempetar 
tures are roughly approximated of 3,500"-4,500" K, and 6,500° K., the 
latter being the equivalent of Iluminant € of the 1.C.1. system. ‘The 
rated average life of these tubes varies from 1,300 hours for the 6- and 
8-W. T-S tubes 10 roughly 3,000 hours for the 100-W. T-17 tube. These 
lamps are used in the U.S.A. on D.C. circuits by employing a series 
resistance in connection with a suitable induction coil and starting 
switch, but the elficieney must naturally be greater with normal A. 
operation, However, since the stroboscopic effect must be eliminated, it 
is necessary {0 sun fluorescent tubes on D.C, circuits for motion picture 
photography. Large banks of these Lubes are very useful in the studio 
as a source of generally diffused fight giving the minimum of shadow, 





D. Illuminants having Continuous and Discontinuous 
‘Spectra Mixed 
Examples 


High-Intensity Carbon Are, Flame Are, 
High Pressure Mercury Vapour Lamps, 


CARBON ARCS. 


Carbon ares today in dse in the motion picture industry for photo- 
graphy and projection, are of three types—the low intensity arc, the 
flame arc, and the high-intensity arc. The former will be described in 
another section, 
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THE THEORETICAL BASIS 


Mr. W. W. Lozier of the National Carbon Co. Inc., U.S.A., has 
kindly supplied the following authoritative information: — 


(By Courtexy of the Nationat Carbon Co. lnc, USA) 


“The flame arc is one in which the entire arc stream is made 
luminescent by the presence of flame materials. A photograph is 
shown in Fig. 24, The electrodes differ from low intensity carbons by 
having a somewhat larger core containing chemical compounds capable 
of radiating efficiently when yolatilized into the are stream, This arc is 
churacterized by a high luminous efficiency, The chief motion picture 
lusage of the flame arc is for the production of general illumination in 
motion picture studios.” 

“The high-intensity carbon arc is one in which, in addition to the 
light from the incandescent crater surface, there is a significant amount 
Of light originating in the gaseous region immediately in front of the 
carbon as a result of the combination of a high current density and an 
atmosphere rich in flame materials. The brightest portion of this arc 
‘Occurs in the crater on the end of the carbon. The location of the 
source of rudiation is shown in Fig, 25. The electrodes for this type 
Of arc contain chemical compounds similar to those used in flame are 
electrodes. The current density of high intensity arcs is generally about 
300 amperes per square inch, whereas that for flame arcs is ordinarily 
below this value, The use of the cerium family of rare earths produces a 
high crater brightness and a white light. The crater brightness of 
‘commercial carbons ranges from 350 to more than 900 candles/sq. mm. 
and exceeds 2,000 candles/sq. mm. for experimental carbons. The 
color temperature of the light from the crater is in the neighbourhood 
of 6,000" K. The high-intensity are is used in commercial forms with a 
power input of as much as 17 KW. It thus combines the properties of 
high souree brightness, daylight color of light and very high power input 
and radiation output per lamp. ‘This light source is used both for spot 
lamps in studio lighting and for projection of motion pictures."* 

For description of lamps embodying carbon ares see below, under 
“* Studio Lighting.” 





HIGH-PRESSURE GASEOUS DISCHARGE LAMPS: 

dn high-pressure mercury lamps a gas such as neon or argon at a 
pressure of a few centimetres of mercury is used {o initiate the dis- 
charge between the cathodes, which are raised to & temperature at 
which they act as thermionic sources. Owing to the high energy 
input the mercury becomes vaporized, the pressure increases to 
1 atmosphere or even higher, depending upon the design of lamp 
and operating conditions, and the spectrum exhibits only those lines 
that are characteristic of mercury along with a certain amount of 
continuous radiation. 
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When an clectron possessing the velocity corresponding to an 
acceleration through 49 volts collides with a mercury atom, the latter 
is excited to-« higher energy state, and when the systent passes spontane- 
ously from this higher state to the normal, monochromatic radiation 
is emitted in accordance with the relation 

b=Ve, 


Where v is the frequency of the radiation and / is a universal constant 
(known as the quantum constant),! ‘The corresponding wavelength 
is given by the relation 

rem 


where c is the velocity of light, and \ is the wavelength of the radiation 
inom. 

In the case of mercury the first excited state of the atom gives rise 
to a resonance line of ultra-violet (\=2,537 A). These invisible 
radiations are absorbed by the atom and are known as resonance lines.* 
In order to obtain visible light from mercury itis necessary to excite the 
mercury atom to about 6-7 volts or higher, and the whole spectrum 
appears only when the electron velocities exceed that corresponding to 
104 volts. 

The various designs of the high-pressure discharge lamp may be 
divided into two categories: 


(1) those operating at 1 atmosphere and utilizing glass envelopes, 
nd 


a 
) those operating at higher pressures and requiring the use of 
quartz envelopes, 


In the former lamps the temperature of the inner glass wall is about 
350° C,, the pressure of mercury 1 atmosphere, and the initial efficiency 
40 lumens per watt, The average brightness of the light-source itself 
is about 30 candles per sq. cm. These limps radiate very little 
‘more than the normal mercury spectrum, They are useless for studio 
illumination unless balanced With suitable tungsten sources to com- 
pensate for the absence of red light, Even misture and distribution 
have proved a very difficult problem. 

Recently the British Thomson-Houston Company have perfected 
fan extremely important type of high-pressure electric discharge lamp 
in which the deficiency of red in the earlier types is made good by the 
introduction of cadmium. Low-pressure cadmium mercury lamps 
hhave been available for some years, and they have been used with 
conspicuous success for the printing of Dufaycolor film. A lamp 
working at a few atmospheres was produced in America before the 

* f= Planck's constant 655 10" erg. sec. 


* Resonance radiation is the radiation produced by transitions from the lowest 
excited state to the normal state, 
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war, but the trve high-pressure lamp presented peculiar problems 
which have only very recently been solved, The new lamp belongs to 
a type now known as ‘* Compact Source," and the British Thomson- 
Houston series is identified as Type ME. This is an air-cooled lamp 
and consists of a strong quartz bulb with walls several millimetres 
thick, approximately spherical in shape, into which are sealed two solid 
eylinders of tungsten, known as the main electrodes, which are supported 
on tungsten shanks, On each of these shanks is wound a spiral of 
tungsten wire, coated with an emitting material, which is known as 





60) 1 — Experimental 780w Type ME 
Mercury Cadmium Lama, 

Are langth, 551mm. 

Lamp voltage, 84v. 
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Wave-length, 
Fla, 27-—Spect eneay distribution ofthe 250 Ws Type ME Mereaty Cadmium 


the starting electrode. An auxiliary electrode of bare tungsten wire 
is sealed into the bulb with its end adjacent to one of the starting 
electrodes and spaced about | mm. from it, and connected through 
a high resistance outside the bulb to the other terminal of the lamp. 
‘The arc gap measured between the two main electrodes is approxi- 
mately 5-10 mm. The bulb contains « filling of gas at a low pressure. 
The current is led into the main electrodes through molybdenum- 
foil strips which make a vacuum-tight seal in the quartz. ‘This has 
Proved a difficult task, but seals capable of carrying no less than 
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several hundred amperes into electrodes in a quartz bulb have now 
been made. 

Lamps rated at 2:5 KW. and above have been used for the photo- 
graphy of colour films in the studio, and the balance of the separation 
negatives is practically identical to that obtained with the usual high- 
intensity ares. It will be observed from the spectral distribution of 
energy (Fig. 27) that the cadmium vapour is responsible for a strong 
‘emission at the wavelength 6,438 A. This emission is at « useful position 
in the red region, since the transmittances of red and green filters do not 
overlap here. This is true of additive processes, such as Dufaycolor, 
besides those processes in which separate films are employed, such as 
Technicolor. 
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Fic, 27A.—Spectral distribution of radintion after cadmium has been added to the 
‘mereury are lamp. 


A previous defect of lanips of this type was that the maximum emission 
ook several minutes to be attained. In fact, the lamp hid to warm usp 
until all the mercury ad vaporized. This would be a nuisance in 
the studio, but the disadvantage thas been eliminated by operating 
the lamp in an oven, 30 that the mercury is kept vaporized nd the 
are is ignited whenever required by applying a high-voltage impulse 
to.the lamp. Fall fight can then be obiained with virtually no delay, 

The high-pressure cadmium mercury lamp will operate from 
Supplies down to 110 volts, and will operate on D.C, of A.C. Special 
design is used for D.C. in the larger sizes, 

The range of lamps now available in England of this type is 250, 


500, and 1,000 watis, and experimental lamps have been made in 5- 
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10-, and 20-KW, sizes. The high-power lamps use no outer glass en~ 
yelope, and they may be either single- or double-ended in construction. 
(Figs. 28 A, B, C, D, E.) 


‘Taste 5.—Cuaractenistics oF Compact Source Mercury Varoux 


Lamps 
(Courtesy British Thomson-Houston Co., Ltd.) 

Rating offamp 4... 250 300 7,000 5,000" 10,000 watts 
Current (approx)... 41 #416672 150A. 
Voltage drop... 60-75 60-75 60-75 I-80 60-80 volts: 
Supply voltaget |. 200/250 200/250 200/250 200/250 200/250 volts 
Asc lengtt esc 3t Ss) AD 10 um. 
Approx arcwidth =. 1S 22S 7S 10 enn, 


Max. brightness initial .- 20,000 20,000 35,000 ~45,000. 80,000. per sq.m 
Luminous esieny (p-.- 40-45 40-45 4550501. per. 
prox. 

Overatflengih 4, 4. 190 2408S HO. 450 man, 
Diameter of outer bulb .. 64x35 65 St 85-90 110 mm. 


iI bares cee Sypcal wop fe DLE in eins above 1009 mate) Wil opete on 
oer ace Grams of 1800 neta and Dove, 


The brightness at the centre of the arc ranges from 10,000 to 100,000 
candles per sq. cm,, depending upon the arc length and the wattage 
of the amp, and the efficiency is between 45 and SO Jumens per watt. 

The light output is more constant than a carbon are, and fluctuations 
in the voltage of the supply cause smaller variations in the light output 
than in the case of a tungsten lamp. For example, a 10 per cent, 
rise in mains voltage increases the light output by 20 per cent. in the 
case of the ME lamp and by 36 per cent. with a tungsten filament pro- 
Jector lamp, 

There can be no doubt that this beautiful lamp will play a most 
important part in the future of studio illumination for colour photo- 
graphy, The steadiness of spectral quality and quantity of the light 
emitted. will recommend it strongly to directors who have suffered 
from arc troubles in the past. Furthermore, there is bound to be a 
considerable saving in studio personnel, since there does not scem to 
be any reason why one man should not operate a large number of 
famps.* 

It has been demonstrated that both Technicolor and Dufaychrome 
colour balance and rendering are hardly distinguishable from those 
‘obtained with the standanJ high-intensity ares corrected with Y- 
filters, 

1 A full range of complete studio units is now available in England, fram Mole- 
Richardson, Lid ‘a 
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STUDIO ILLUMINATION 


Twenty years of research and development lie behind the efficient 
lamps which today are ready in the studio to obey the imaginative 
faculty of a lighting artist, The instrumental means which the artist 
‘employs in the ease of the motion picture are of extraordinary com 
plexity and refinement, but while itis true that within the province of art 
the creator of the means is unlikely to receive a glory equal to that 
bestowed upon the creator of the end which it is the object of the means 
to attain, we technicians have our own roll of honour and high upon 
that list stands the name of Mole-Richardson. This famous partnership 
originated in 1927, when Peter Mole joined E. C. Richardson and set 
up their business in a garage on Santa Monica Boulevard in Hollywood. 
They developed the first complete range of high-wattage units which 
represented a revolutionary change in lighting technique. ‘There were 
“ Broads, Low Broadsides, Hi-low Broadsides, Bunchlights, Rifles, 
18-inch Sun Spots, and 24-inch Sun Spots "” and other famous types. 

‘The advent of sound led to fundamental alterations in design in order 
to eliminate sound originating in expanding metal or bolts and nuts 
adjusting themselves to temperature gradients. 

But it was Technicolor acting as taskmaster which forced Mole 
Richardson to turn back to the discarded are as the only practicable 
source {0 satisfy the greed (at that time) of colour photography for 
* light, more light.”* 

We are told that in 1933, Technicolor requested Mole-Richardson to 
investigate the possibility of developing a motion picture arc lamp for 
use as a general lighting init. ‘The specifications they submitted were: 


|. The lamp should produce an illumination level of 200 foot- 
candles, as measured at fifteen feet with a standard Weston 
photometer. 

2. It must have a comparatively Mat distribution. curve over 
projection angle of sixty degrees or more, and the field of illumina- 
tion should be devoid of any hot spots, ie., areas of illumination 
that are photographically objectionable. 

3. The feeding mechanism of the lamp should be so designed as to 
provide a reasonable uniform level of light intensity during its 
Period of operation, and the spectrum of the light emitted should 
not show any alteration of its characteristics during the period of 
operation. 

4, It should be silent in operation, so that it may be satisfactorily 
operated in conjunction with modern sound recording apparatus. 

It should take such a form, and be so mounted, that it will be 


convenient for placement, and be of such weight as to be easily 
handled on the set. 
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6. It should be economical in operation with regard to attendance, 
the consumption of current, and carbon electrodes. 


With the assistance of the National Carbon Company in the design of 
specially cored carbons and with a new approach to control of gap, a 
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Fig, 29,—Spectral characteristics of various types of ars (PF. T. Bowditch und 
‘A.C. Downes, Journ, Soc. Mot. Pe Eng, 28, No. 5, Nov. 1933), 
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great improvement was effected. These lamps housed the ** White 
Flame” arc in which the major proportion of the light flux is derived 
from the incandescent particles of the rare earths such as cerium 
‘streaming out in a flame from the large cores of the carbons. The 
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flame is the source of light rather than the intensely hot tips of the 
carbons. At first Mole-Richardson produced a Twin Broadside and an 
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Fic. 30A-—Solid line: Spectral energy distribution, 9 mm. H.t. carbon are at 49 volts, 
70 aivp.—through ass. Dashed fine: Same through glass aad Ti De 
ine: Solar radiation at sea level. 
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150.amp—through glass, Dashed line: Same, through lass and Yel fice, Domed 
tne: Solar radiation at sea level 


overhead Scoop, and then they embarked on an investigation which 
Fesulted in the first application on the so-called “ High-Intensity 
searchlight are, 
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‘The high-intensity aro was developed to meet the requirements of 
‘optical projection which demand a small symmetrically-shaped source 
of the maximum intensity. The source, if it was to be the crater of an 
are, had to be unobstructed by the negative carbon, which was even- 
tually placed at an angle of 127° to the positive. To obtain even 
emission it was found necessary to rotate the positive carbon and to 
feed it forward mechanically. (The rotation must be in excess of 
10 r.p.m.) The passage of the flow of electrons from the negative 
carbon on their way to the core of the positive through the yolatilized 
particles of the flame issuing from the positive, superheats these in the 
ensuing bombardment and thus there is built up the tremendous 
temperature of from 9,440-11,240° F, This state of affairs is present 





no 





Relative Intensity _ 
SS8SSSsIsss 


62 


4000 5000 
Wave-length,in Angstrom Ur 
Fra. 31.—Solid lime: Specteal energy distribution, § mm.-7 mm, MP studio. 


carbons 
st 37 vols, amp. Bose pe: Sly radiation at ea level. (Lindeman, Handley 
sand Rodgers, Journ, Soc. Mot, Pe. Eng,, June 1943.) 


not far from the bottom of the crater of the positive. Since the true 
temperature is equivalent (o that of the exterior of the sun the spectral 
distribution of energy is similar (Figs. 29, 30, 30A, 308, 31) and so is its 
colour temperature (although not identical owing to the spectrim of 
the emission of a carbon are not corresponding exactly with that of « 
theoretically perfect radiator). However, itis quite near enough for the 
purposes of colour photography and we may regard the radiation of a 
high-intensity arc as approaching very closely that of sunlight in all 
respects. Actually the bombarded rare earths emit too much deep blue 
and ultra-violet and these radiations have to be eliminated by use of a 
pale yellow (minus blue and violet) filter, which is always used with the 
HI. arcs. 

Originally the H.1, arcs were available in two sizes, the M-R Type 90, 
operating at 120 amperes and the M-R Type 170, operating at 150 
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amperes. Today these units are known as the“ Molare"” and the 

{atest addition to the range, namely M-R Type 450, is an immensely 
werful Limp operating at 225 amperes, f 

PiThese FL tanya have been the principal source of tight for Techni- 

color productions, and it is hardly practicable to undertake any serious 

production in # studio unequipped with an adequate range of Molarcs, 
Difficulties were experienced with the light distribution given by 





Fed, 32 —M-R Type 430 Ate Spotlamp, 


spotlamps in the early days: parabolic mitrors gave dark spots when 
flooded and tiormal condenser lenses were unsatisfuctory for many 
reasons. The problem of even distribution was solved by combining » 
lirge mirror with a Fresnel type plano-convex lens, originally invented 
by the French physicist, Augustine Jean Fresnel, for lighthouses. Ina 
lens of this kind « series of concentric facets are cut into the convex fee 
of a plano-convex lens. It can be made very large in diameter, yet of 
short focal length and nevertheless thin in section (Figs, 34-33), 
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Fic. 36.—M.-R, Duare Broadside, M-R. Type27 So 








Fig. 36A.-—M-R, Duane Type 40, 
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Fig. 368.—S00-watt Junior Fie. 6C—S-Kw, Senior 
Solarspot Lump. M-R. Solutspot Lamp, M-R. 
Type 406, “Type 414, 
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MR. Type 410. side Lamp, side Lamp, 
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Fig, 36G.—M-R. Type 45 Rite Lamp, 














Pia. 38—Ulira HL. Mole-Richardson Arc. Spotlamp, 
Type 170. Current: 115 volls: 143-180 amperes, D.C. 

Designed originally to mect the requirements of photo- 
graphing coloured motion pictures, these lamps have found 
extensive use in both that field and in lighting for normal 
motion-picture photography. Operating quietly so that 
they may be used in close proximity to 2 microphone, they 
have such illuminating capacity that they are tending tO 

lace 36° Sun ares. They are applicable for back light- 
ross lighting, Key lighting, for Wide and narrow angle 
front lighting, for effect lighting, and for all photographic 
illumination demanding a light of bigh tyilliance, constant 

‘spectrum quality, and uniform density 




















Fig, 39.—S00-watt Mole-Richardean * Baby 
‘Type 206, with tripod open and folded, 
In both still and motion-picture photography there are 
many occasions where smaller light-projecting units, best 
serve the photographer. These have a wide range of beam 
control. ‘They can be spotted down to an 8 divergeage 
and flooded fo. 40° divergence with sin excellent phot. 
raphic field sultable for modelling, back lighting’ front 
cross fighting. The small sige of these S0Q-watt 
fiamps permits their use in spaces which cannot uecoramo. 
date the larger units, und in movion-picture work in pare 
ticular, permits their Concealment within the motion-pleaure 
‘set when this is advantageous, 
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Richardson said in 1936:** In the motion picture industry itis seldom 
hhecessary to project & spot beam narrower than 10 degrees, which 
provides a spot of light about cight feet in diameter at a distance of 
‘50 feet. It is, however, desirable to be able to flood a lamp to a diver- 
gence as great as 40 degrees, provided that the projected beam at this 
wide angle is of sufficient intensity to be of photographic use."* 

‘And further: ** For the conditions under which spotlamps are used, it 
is desirable that the beam have its highest intensity at the centre and that 
the edges be soft, so as to permit overlapping the beams of several lamps 
without building up high intensities in the areas overlupped."" He was 
describing the M-R Type 210 Junior Solarspot using 2 G-48 C. 13 
pipost Mazda globe, 

To-day all the Mole-Richardson spotlamps employ this principle of 
light projection. 

'W. W. Lozier, of the National Carbon Co. Inc., U.S.A., states: 
** ‘The lighting of motion picture studios for motion picture photography 
can be classified into three types of application: general lighting, 
modeling lighting and background projection or special effects lighting. 
General lighting is « term used to describe the fat, diffused illumination 
used on the set. It renders the set photographically visible, illuminates 
shadows and is the counterpart of sky light. Modeling lighting or key 
lighting are terms used to describe that illumination which is highly 
directional and is used to create high lights and contrasts. It is the 
counterpart of sunlight. Background projection or process projection 
fare terms which are generally used to describe that illumination which 
is highly directional and is used to create high lights and contrasts. It 
is the counterpart of sunlight. Background projection or process 
projection are terms which are generally used to describe the practice of 
projecting a background on a translucent setcen at the rear of 2 set, to 
accompany the live action on the set."* 

“Modeling lighting levels for Technicolor, for example, range from 
250 to 900 ft, candles. General illumination is usually only 4 (o } as 
great. Screen intensities required with rear projection depend on the 
transmission characteristics of the screen but must be maintained high 
enough to blend with the foreground action.”” 

Table 6 shows the characteristics of the most common carbon arc 
lamps used for motion picture set lighting. The first three lamps: listed 
are examples of units used for general illumination. The type 40 M-R 
broadside iamp is an improved version which is ‘superseding the other 
two. The optical system consists of a metal reflector plus diffusi 
glass. In each of these units two arcs are employed side by side 
connected in series. M-R 40 lamp is shown in Figs. 36 and 36A- 

Lamps Nos. 4 to 7 are examples of modern spotlamps (Fig. 37). 
Al of these employ s Fresnel type glass lens which provides a well- 
controlled beam. By means of a simple adjustment the beam spread 
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TAMLE 6.—CAKBON Anc LAMPS FoR MOTION PICTURE SET LIGHTING 
(By courtesy of the National Carbon Company, Ine., U.S.A) 


Type of Optical System. 
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can be varied from 2 small spot to 2 wide flood, The carbons and 
‘operating conditions employed for these different lamps are shown in 





Table 6. The Type 170 lamp is shown in Fig. 38, Lamps Nos. 8 and 9 
are examples of earlier types of units employing a parabolic mirror 


‘Tame 7.—CARnons FoR Ser LIGHTING Las. 
(By courtesy of the Natlonal Carbon Company, Ine, USA.) 
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which are still used where itis desired to project narrow beams of very 
great penetrating power. The Type 65 spoilamps are being replaced 
in most cases by the more modern and efficient Types 90, 170 and 450 
lamps. The candlepower distribution for various adjustments of beam 
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divergences are shown in Figs. 39A-G for three spotlamps and one 
broadside lamp. 

‘Typical spectral energy distribution curves of the radiation on the set 
‘are shown in Fig, 40, ‘The curve for the Type 170 lamp is typical of the 
radiation from carbon arc spotlamps using the high-intensity arc, The 
slight excess radiation at the blue end’of spectrum is removed when 
photographing Technicolor by the use of a light straw Brigham 
gelatine Y-1 filter (Fig. 41). The effect of this on the spectral energy 
distribution is also shown on Fig. 40, The energy distribution for the 
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Fi. 39A.—Candlepower distribution from a Mole-Richantson “ midget" spat 
lamp (pe don with a 200-watt, T-10 bulb d—e a bayonet base lamp. 
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‘Type 40 broadside lamp shows that this radiation can be used without 
tulification for Technicolor to blend with the filtered spotlamp. Both 
of these can be mixed with daylight. 

The power sources employed with carbon arc lamps used in studio. 
photography are generally special direct current motor generators 
Getivering approximately 120 yolts across the two legs of a 3-wire 
distribution system, ‘These are generally equipped with filter circuits to 
femove the commutator ripple which would otherwise produce an 
undesirable noise on the set when burning the are, 
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Terms used in Studio Lighting Practice 
The terms applied to the various units of motion picture studio 
lighting equipment are legion and vary from studio to studio, and 
even from month to month. Sometimes a lamp is described by its 
‘ype number alone; or by the rated current, in the case of arc spot- 
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Fig, 39B.—Cundlepower distribution fr Mole-Richardson ** baby "* solar 
ot, tyne 406 with w'750-alt, 24 ball medium tapos base MB bie eae 


lights; or by the kilowatt rating of incandescent units, In some in 
stunces the mirror diameter supplies the name. Below are some 
commonly used terms, the“ Lamp Numbers" referring to the pre- 
ceding sections : 








Taste 8. 

Term, Lamp No. Term. Lamp No. 
aoe oe | teeny | ay 
Bee | | Temprowimy | ae 
Sixty-five 4 Baby: 20-21 
‘Ninety: $ Ke 2 
One-seventy 6 a 1819, 
Thirty-six H Pan of Skypan 4 
me 2 | u 
Ts 3 ‘Strip is 
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Fio. 39C.—Candlepower distriburlon from, a Mole-Richardson "senior" solar 
Spor type 414, with & $,000-watt, G-64 bulls mogul bipoxt base lamp. 
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The following are a few terms used for material and equipment 
‘associated with the use of studio lamps: 

Silks—Frames equipped with china silk diffusers, hung on the 
fronts of lamps to diffuse the light and reduce the intensity. 

Jellies.—Frames equipped with chemically treated gelatine; used 
for the same purposes as silks. 
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Scrim.—Black gatize; used in various places to reduce intensity and 
diffuse light 

Diverging Doors—Strips of cylindrical glass lenses: used on 
Sun arcs for light diffusion. 

Snouts—Various shapes of black sheet-metal hangers; used on 
the fronts of lamps to block out undesired light, 

Spill Rings—A series of sheet-metal tubes; used in front of incan- 
descent bulbs in mirror-type lamps to block off angular rays emanating 
from the front surface of the bulb of filament. 
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Fr, 39F —Candlepower stan fom the Mole-Richardson 
“Type 170 Are Spotlamp. 
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‘Spor Projector-—A. unit equipped with a condenser system that 
fits on the front of a Type 170 carbon arc lamp in place of the Fresnel- 
type lens; used to produce a sharply defined round spot of light, 
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Fro, 40.—Spectral distribution of studio light sources, (Bowditch, FT, 


‘Null and Zaveaky.) (Jour, Soc. Mot. Pre. Bng., Vol. 46 (Match 1942) 














Kh 









































he i 
wae iat a re 
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Barn Doors, Gobos, Flags, Cheese-cutters, Niggers, ete.—Iv is 
desirable to place opaque screens at various points on a set to 
all or a part of the light from reaching certain areas or objects. 
screens are painted dull black and are rectangular, square, or circular, 
as the oceasion may require. 
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‘COLOUR-TEMPERATURE 


‘The system of colorimetrical specification, known as the 1.C.L.* 
‘Chromaticity Diagram, which today has been internationally adopted, 
is based on data representing the mixture of real spectral primaries. 
Since no three wavelengths can be selected from the spectrum with 
which ull others can be matched without involving negative values, itis 
necessary, in order to represent all possible mixtures as positive, to 
hypothesize three primaries which lic outside the spectrum locus and 
therefore have no real existence. Next itis necessary to ussume that the 
energy of every wavelength represented is exactly equal, Finally that 
equal proportions of the basic. stimuli (theoretical primaries of the 
system) give n white different to all other whites in that we suppose it to 
be the one neutral point, all other whites being relatively coloured. Tt 

“CAL refers {0 the international Commission on Illumination, 1931, at which 
the chromaticity diagram based on the standard obverver und coordinate system 


as adopted. In Britain 1.C.I, is known as C.LE. (Commission Internationale de 
M"Eclairage), 
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must be clear therefore that any change in the relative distribution of 
energy in the spectrum departing ftom the condition of equal energy 
must result in a colour stimulus, since only an equal energy spectrum can 
provide a colourless stimulus, by argument. By mathematic computa- 
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Fig, 42—Chomaticiy diagram showing locus of ehromatkities of Planckinn 
Todintors and lines of constant eorreited colour temperature 


tion we can plot the colour stimulus which must represent every possible 
distribution of energy. 

Colour-tomperature has been defined by a Committee of the Colour 
Group, The Physical Society, London, ns ** the temperatare at which 
a full radiator would emit radiation of substantially the same 
distribution in the visible region as the mdiation from the light source 
sand which would have the same colours, 

Max Planck, the great German physicist, determined the precise 
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relation between energy emission and temperature. No emitter of 
energy can be perfect unless it js un ideal radiator and it can be shown 
that stich a body would be also an ideal absorber, and such « body 
Would be absolutely black. This is the ** black body," whose charac- 
teristics of radiation provide us with a series of energy curves derived 
from constants calculated by Planck, and now accepted as fundamental 
physical data. If the standard tristimulus values are multiplied by the 
Planckian curves for variotis temperatures of a black body, we get a 
curve which can be plotted in the Chromaticity diagram (Fig. 42). 
It then becomes clear that a perfect radiator would provide a series of 
er sion varying with its temperature roughly in the order shown, 
in Table 9. 








TABLE 9 

Deep Red . 800" K. 
Orange a 2 12007 Ki 
‘Whittsh Oringe 1 2000" 
Golden White 2s00" K: 
‘Warm White 3,300" K. 
White 2 3500" 
Bluish White 6,800" 
Wits tue 2 For 

ieee 
Deep Blue * + 25,000" Ky 


But at no point does this curve coincide with the equal energy white, 
Known as B, and to which we referred. Since this curve is a physical 
standard it has become increasingly the practice to refer the colour of 
light sourses emitting continuous spectra, and therefore roughly corte- 
sponding to * black bodies,"* to the nearest point they would match in 
the ‘black body temperature scale. Although fluorescent lamps and 
discharge Lumps generally provide “* whites" of different. hue we 
Cannot truly assign such whites to a position in the colour-temperature 
Tange, nevertheless they can be given an equivalent position (Fig. 43), 
three important points in the scile have been adopted as standard 
iMluminants: Muminants A, B and C, representing respectively, 2848° K., 
4800" K., und 6500" K. 

‘The measurement of colour-temperature may be effected by com- 
parison with a tungsten lamp running at exucily determined voltages, 
‘but direct use of this method is limited to colours produced by tempera- 
ures below the melting point of tungsten. 

‘The second method requires a spectrophotometric measure of the 
telative energy at each wavelength in the spectrum of the course being 
‘meastired—followed by computation enabling its chromaticity point 
(hence its colour) to be plotted. 

‘Thus we find that the domestic 100-W, incandescent tungsten lamp 
hus a colour temperatuce of 2,865° K., while a 1,000-W. projection lamp 
has x colour temperature of approximately 3,250" K. The low-intensity 
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Fis, 4.—Colour temperature chart 
(Bv-courtesy of the General Electric Compony, USA.) 


are is higher at 3,550° K., and finally the high-intensity are at’ 5,000- 
6,500" K. is close to sunlight. Light sources above this temperature are 
‘even more blue. 

Fig. 44 shows the relative sensitivity of panchromatic film to radiation 
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Fo: 44-—Relative sensitivity of photographic film 9s. wavelensth of radiation 
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THE THEORETICAL BASIS. 


in the visible region, Fig. 45 illustrates the shift in relative photographic 
effectiveness with change of colour-temperature, the light source being 
of constant wattage. Fig. 46 sets forth the relative photographic 
effectiveness at different colour-temperatures, 


A Colowr-Temperature- Meter 


Small differences of colour-temperature are sufficient to shift the 
balance of exposure in all systems of three-colour photography. 
Integral layer materials such as Kodachrome or Ansco Color film are 
indicated by the manufucturer as balanced for exposure by light of a 
stipulated colour-temperature. ‘The user can check the colour-tem- 
Perature of « given source of light by using a simple instrument such 
as the Eastman colour-temperature meter. This apparatus functions 
in the following manner: 




















Fro, 47,—Digram showing spect regions used in the colour-tempernture meter. 


‘Suppose that in some way we block out or absorb certain components 
Of the flight from. an incandescent source as represented by the shaded 
areas in Fig. 47. We have left narrow bands in the green and red which 
if combined will produce « visual impression of yellow or orange, 
‘This orange will appear to the eye as though the shaded areas in 
Fig. 47 had been removed and only a single narrow strip allowed to 
ass. In other words, w mixture of a properly selected narrow band 
of wavelengths from the green region with another from tho red will 
produce the same visual impression as that of single small group 
in the yellow-orange portion of the continuous spectrum. 

In the Eastman colour-temperature meter the selection of the proper 
Portions of the spectrum is accomplished by means of carefully con- 
structed light filters. One of these filters is so made up that it possesses 
{wo transmission bands with maximum transmittance at about 520Mje 
and 680My respectively. The second filter is so composed that the wave- 
length of its maximum transmituance is at approximately S8OMj. ‘The 
felative transmittances of the bands in the two-band or dichroic 

* Description extracted from Communication No. 698, Koduk Research 
‘Laboratories, ** A Color-Temperature Meter,” by E. M. Lowry and E. S. Weaver. 
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filter are so adjusted that, when examined by light—for example, that 
from a tungsten lamp operating at-a colour-temperature of 2,100” K. 
its colour will be the same as that of the filter with its maximum 
transmittance at 580M, For colour-temperatures higher than 2,100” K. 
the dichroic filter will appear more green than the monochromatic 
one, while for temperatures lower than 2,100" K. it will appear more 
red, This property of dichroic materials was shown by Paliger in 
his work on anomalous dispersion, and was discussed by Wood in 
his Physical Optics. 

The reason for this behaviour may be explained by reference to 
Fig. 48, Curve A represents the spectrophotometric transmission 
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curve of the two-band filter, which has two maxima, at S20Mp and at 
680M respectively. Curve B is that of the monochromatic filter, 
which possesses a transmittance maximum at S80My. As stated above, 
the relative transmittances of the two bands for filter A have bee 
50 adjusted that, when examined by light from 1 source operating 
‘ut 2,100" K., this filter will appear to be the same colour as filter B, 
‘The curve labelled 2,100° K. represents the relative energy emitted 
at the various wavelengths of the visible spectrum by the source 
operating at 2,100° K., which is the temperature at which the filters 
will be colour-matehed. A source working at a colour-temperature 
of 3,200" K, will emit energy of somewhat different distribution at 
the various wavelengths. Examination of the two distribution curves 
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shows that the energy emitted is relatively higher at S20Mp and relatively 
less at 680My for 3,200° K. than for the 2,100" K. source. This will 
result in more light passing through the S20M, band in A and less 
at 680Mj,, and there will be a change in the colour of the filter such 
that it will appear more green than when examined with the 2,100° K. 
source. In the case of filter B, however, there will be relatively little 
change in hue and it will still be yellow. If the colour-temperature 
Of the source is reduced below 2,100” K—for example, to 2,000" K.— 
the filter A will appear more red than B because the ratio of energies 
in the regions of the spectrum at the positions of maximum transmit- 
tance of the filters has changed so that there is relatively more energy 
in the od portion than atthe original ‘mateh-point—numely, at 


























500 600 700 
Wiove-length, in mye 


Fo, 49—Graph showing relative spectral distribution of energy for a 100-watt 
Tungsten lamp. 


In order that the two filters shall remain colour-matched when the 
colour-temperature of the source is other than 2,100" K. itis necessary 
to modify the energy distribution of the source in some way. This 
modification may be accomplished by changing the voltage applied 
to the lamp until its colour-temperature is once more that of the original. 
‘The necessary change in voltage may be used as a measure of the differ- 
ence from 2,100° K. Another method of accomplishing the desired 
result is to absorb & portion of the radiant energy selectively with 
respect to wavelength in such s way that the remainder matches that 
‘at the initial temperature. Filters of this type, such as the so-called 
daylight glasses or the Wratten Photometric Series of filters, are well 
known, Jn the present instance we are interested in reducing the colour 
temperature, since the match-point for the filters is lower than that of 
‘most practical light-sourees, and we require an amber-coloured filter. 
“This amber filter is made up in the form of a wedge, and the amount of 
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selective absorption is dependent upon the thickness of the wedge 
‘at any point. The greater the thickness of the portion of the wedge 
used, the greater is the reduction in: colour-temperature of the light 
transmitted, 

Jn the colour-temperature meter the principles just described 
hhave been applied as illustrated in Fig. S0A..A circular photometric 
field P, with a fine dividing line across the centre, is formed by the 
narrow band-filters whose absorption characteristics are illustrated 
in Fig. 48. 

‘The left half of the field, which is shown in detail at B, is formed 
by the dichroic filter, and the right half is formed by the monochromatic 
‘one, Between the eyepiece lens E and the test field is an amber wedge 
W for the purpose of modifying the energy distribution of the light 





0-Lght Source 
P- Photometric Field, 
E- Lyepiece Lens. 
W- Wedge. 
K-Sourled Koob. 
‘S+Scale, 






































“ay @) 
Fie, S0A.—Iltustrative diagram of colour-temperature meter, 


from the source being examined. This wedge is circular and the portion 
of the wedge to be used is selected by means of'a small knurled knob K. 
‘The scale of the instrument S is 80 calibrated that it reads directly 
the colour-temperature of the source investigated. 

Fig. 50 is « photograph of the instrument depicting both front and 
side views. Comparison of the reproduction of the meter with the 
Gin. rule at the bottom of the picture illustrates the compactness and 
convenient size of the design: 

Actual operation of the meter is accomplished by the observer 
directing the visual axis of the instrument (dotted line in Fig. SOA) 
towards the source in question. He then observes whether the two 
halves of the field of view are eolour-matched and, if they are not, 
adjusts the position of the wedge until such a colour-match is obtained. 
A clockwise motion of the wedge increases the amaunt of absorption, 
While @ counterclockwise motion decreases it, The farther the wedge 
miust be inserted, the higher is the corresponding colour-temperature 
tas read from the scale, 
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Fo, $0,—Eastman coloar-iemperature meter. 
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Because of the fact that there are certain slight differences between 
the eyes of different individuals, the dichroic and monochromatic 
filters are not always colour-matched at the sume colour-temperature. 
For this reason some means of compensation must be provided if 
determinations made with the instrument are to be in satisfactory 
agreement for two or more observers. To overcome this difficulty an 
accommodation scale has been provided which enables each individual 
to select the initial setting of the amber wedge which suits his particular 
eye, Before making any measurements, each observer must set the 
scale of the instrument at the value corresponding to @ source of known 
colour-temperature. A tungsten lamp which has been calibrated 
properly would serve admirably for this purpose, but, since such a 
lamp must be operated at constant voltage, auxiliary equipment is 
required which is not always available, Beeswax candles, such as, for 
eximple, the XXX Superior Candles made by the Socony-Vacuum Oil 
Company, are easily obtained and, since they possess fairly uniform 
temperature eliaracteristics (1,935° K-10"), they are quite suitable 
for the purpose of adjusting the accommodation scale when used 
with the auxiliary blue filter, ‘This filter, which raises the coloar- 
température of the candle flame to a point above 2,100" K., is supplied 
‘on an easily attached mount. 

To make the initial adjustment the operator first sets the point 
Jn the scale’ marked C opposite the index, Then, while applying 
pressure 10 the scale with the thumb of one hand to prevent any 
displacement of the scale relative to the index, he rotates the knob 
with the other hand until a colour-match is obtained in the field of 
view. During this operation the candle flame is the ilfuminant, 
After the preliminary adjustment the meter is in condition for reading 
the colour-temperature of some unknown source. 

“The precision of the measurements made with the colour-temperature 
meter depends upon certain fundamental requirements, In the first 
place the operation of the instrument is based upon the ability of an 
Sbserver to do colour-matching, and therefore assumes his colour 
Vision to be normal—that is, he must not be colour-blind or have any 
hoticeable deficiencies in colour vision, In the use of the meter, as 
in all operations requiring the application of optical instruments, 
the precision of selling is considerably improved by practice. ‘The 
first fow attempts to balance the field by an individual unskilled in 
this type of measurement are likely to show very erratic results, but 
a5 he becomes accustomed to the manipulations necessary his repeat 
ability will improve and his results will be quite satisinctory. 

‘In Table 10 are shown the average deviations from the mean’ of 
ten settings made by each of three observers at the colour-temperature 
indicated, 

We must not overlook the fact that colour-temperature is « visual 
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Tame 10,—SHOWING PRECISION OF MEASUREMENTS WITH THE 
‘CoLour-TeMPERATURE Meter (EASTMAN Kapa) 





Average Departure 
Observer Temperate 8. | Naf on foo biel 
‘EML 230 4 
AS. 2300 rd 
Ksw 2,300 is 
26 
Kw 2600 2 
EML 2389 2 
AS. 2,850 26 
KSW 2,850 B 
EM 3200 Fr 
AS. 3,200 s 
sw Ef 


‘measurement only, a given position on the chromaticity chart not being 
4 definition of energy distribution, since a practically infinite number 
of possible distributions of energy can evoke the same sensation, We 
‘must remember that in colour photography we are supremely concerned 
with distribution of enerey in the light-source on the one hand and the 
sensitivity in the region of the visible spectrum of the photographic 
‘naterial we are employing on the other. The measurement of colour- 
temperature will therefore be understood to be only a rough guide as to 
the suitability of a given source of light, On the other hand, any local 
‘change in a yory restricted. part of the spectrum would be likely to give 
rise to a change of colour-temperature which would be perceived with an 
instrument such ws the Eastman meter—that is, under practical con- 
ditions. It would not be difficult to imagine instinces, however, which 
would lead to incorrect assumptions being made as a result’ of the 
measurement of colour-temperature alone, 

Other cotour-temperature meters have been recently made available, 
such as the Norwood colour-lemperature meter, designed by Capt. 
Don Norwood, of Los Angeles, the '* Spectra," made by the Photo 
Research Corporation, of Hollywood, and the “* Helios,”* made by 
Helios, of London. 
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GENERAL ILLUMINATON DATA 

Tass 11 (BowprrcH AND Downes)—Covour-Termeatuns oF 

‘CARBON ARCS WITH DOMINANT WAVELENGTH AND PEK CENT, 
PURITY REFERRED TO AVERAGE DAYLIGHT 





| ‘Colour |Domnnant 


Tone , 
Voltage. | length, | Cent, 
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| 
Average Dayleht 6.300 

oman. HL Cartons wo | sos | Sa00 aa 4 
Sam, Suprex Catbons S| | ao | 30 | 3 
‘mm, Supeex Carbors | $ | a | 62% | S40 | 5 
Temm. tt Cartons |. 1 | 8 | Sooo | sim | 2 
‘aan. Supres Carbons 0 | 36 | $980 | Sto) 9 
Ti2 Rotary Sporcurbos «| 8 | 33 | $00 | 3900 | 9 
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Somm. HL Carbon |. | % | S10 | Sr) 9 
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Seom-Super HL carbons >| 185 | 78 | Saud.) S00 | I 
Bem: HAL Curbons .- 15 | 6 | 3650 | S730) 2 
num. Suptes Carbone 30 | 8 | 52% | 3770 | 6 
Sam. Not MP. Studio Carboos | 80 | 37S | aso | SaD | 35 
Tamm LL. Catboas * | 8° | 380 | smo | 





‘Taute 12 (Bowprrcd. AND Downes).—COLOUR-TeMPERATURE OF 
CARBON ARcs with DosuNant WAVELENGTH AND PER CENT. 
Purity nereaReD to Noon JUNE SUNLIGHT AT SPRINGRELD 
Lax, Onto 





y | ) | me | 
Cato. | Pie ap 

















LigheSoiace, Carent,| votage.| Tete, | length, | Cen 
[Pree nein as 
2 : 
‘Noon June Sunlight: 4,200 

‘Samim, Nat. MP. Studio Carbons| 40 | 373 | 4650 | 4,750 6 
‘em, Let, Carbo 30 | 35° | X39 | Gas | 8 
mm. root; , 30 | ae | 380 | reo | ia 
Tow Super Ht Carbons °° 18S | 7s | S80 | ROO | 1 
Bemm.MdCarbom "| 135 | Gs | 3680 | 4800 | AB 
Sem Hi. Carbo =) | | $a | am | 
7m. Supe : B | | S00 | 40 | 7 
12 Rotury Spot Curbcns a | 33 | Seo | 47% | i 
¥e | 32 | sho | do | iw 

erm, 1. Carbone 130 | 31 | Goo | 4700 | 1 
em, Supe Catone 40 | 36 | $8x0\) S00 | 1D 
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Timm. HEL Carboon 50 | 365 | 6400 | dso | 22 
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‘Tante 13,—THe Curomaticrty Cooxpinates OF IMPORTANT 
AtLuninasts (A.C. Hanpy) 





Source. Blick Body at: 








x » 
4,000" K. ae 06524 0-343 
1/300" K: 0-5852 0.3934 
1/900" K: % 05372 oatia 
21360" K: 10-4993 O-4150, 
2848" 0-4476 0-4075 
3,500" K 0-4089 10-3906 
43900" K 03506, 03360, 
‘6,500 K: 03133 9-325 
10,000" K 09-2506 0-2893 

24000 Ko 02533 02533 

LEL tluninant 0-476 ‘0-4075 

LCE Muminant 8 ‘o-3das 03518 

GL Maminant C o-3i01 03163 

‘Mean Noon Sunlight, (2 03442 03538 

‘Sun Ouiside Atmosphere | 03208 03301 





‘Taste 14.—RaNGe OF ELECTROMAGNETIC RADIATIONS 





Radiation. 


Ta ie 
= 




















4 Anystriim Unit=10 em, 


‘The third column (Table 14) gives the voltage through which an 
electron would have to be accelerated to cause the emission of the 


given wavelength, 


‘There is a definite relation between the two magnitudes which is 


‘expressed by the relation 
ae) 


Where ) is the wavelength in Angstrom units and V is measured 


in yolts. 
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Based upon the data of the distribution of energy in the spectrum 
of any light-source and the relative spectral luminance curve (sce page 
224), the theoretical optimum efficiency can be calculated, Call this L,. 
Table 15 gives values of L, for different sources compared with efficiency 
values L, obtained on actual lamps. The third column gives the 
percentage 100) of the total energy emitted by the source that is in the 
Visible range, This is deduced by means of the relation 
LL 

The last column gives the energy utilization ratio e—that is, the ratio 
between the total watts input and the watts emitted as visible light 
(Which is measured in terms of lumens), 


‘Taste 15.—Luwinous ErricteNcies oF VaRious Sources oF LicuT 
(LuweNs rer Watt) (S. Dusuman, G.E.C,, U.S.A.) 











126-169 | 96129 








TABLE 16—TempeRATURES OF LicuT-Souncest 


‘Tungsten Incandescent Gas-filled Bulb, 1,000 watts (205 L/w) 3,010" K. 
Photoflood Lamp. Tunssea Lamp a overage 300 
irae woody peeans lempeniture A 

‘High-Intensity Arc = 3 = 
Noon. it it jogton | 
Tol Bagg” atti of Washinton 





* Coloursempecatures are expressed on the absolute scale in which temperatures 


te Measured from a zero approximately 273° below the of water, 
The abeolte eal alse kab a the Kalvin sale 
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‘TasLe 17,—COLOUR-TEMPERATURE AND WAVELENGTH OF 


Maximum ENenoy 

















Chae Teapentag Wavelength of | Chromaticlty. Co-ordinates. 
C= a4 8, basins begs | 7 
1000°K. 7,880 | ossee ose 
2,000" K: ; 140 05266 | 04133 
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i000" K 70 03804 | O-3767 
6,000" K 480 03220 | 03317 
#,000" K. 300 O25 | 030%5 
0000" Ks a 238 02806 | 02883, 
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Fic, $1,.—Planckian distributions of energy at various 
‘constant, Numbers 
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Tance 18.—Inrarsic LUMINANCE OF LiGHT-SoURCES 


Cale Power 
Light Source. (per Sq. Mm. 
High-Iotensity White-Flame Carbon Are (Forced) 4, 
Bute Carbon Arvat 22 atmospheres vo 100 
Sua Ze cia uincAcan warty coated 
Positive Crater of Tantalum Are (about) 500 
as w Solid Carbon Ave on Di 180 











Hieeae | BRR | ga ga 
Mean Noon Sunlight $035" K. OMA 0356 
Direct Sunlight at Sea Levels ($,080' K. OMSL 0-3567 
Direct Suntight S335) K. 033 | O3N2 
‘Sun plus Sky... G00" K oan) 03048 
Overcast . 6,500" Ky 031364 O75 
ois | ee | Sea) $8 
ers | ee 
ee 2) EE 


NOTES ON PHOTOMETRIC TERMS. 
‘The unit of solid single is known as. Steradian. 


1 Steraitian=sotid angle subtended at the centre of a sphere by iin 
farea on the spherical surface equal to the square of the radi 


(Area of a sphere=4rr’, Thus total solid angle at a point—=4y 
steradians.) 





Units of Flux 
‘The unit of luminous flux is known as the Lumen, 


| Lumen=the ftux emitted in a steradian by a uniform point source 
of } candle. 


99 


COLOUR CINEMATOGRAPRY 


Mean Spherical Intensity or Candle-Power 4-xMS.1.=total flux in 
Jumens. 

Illumination at a point of s surface is the density of the luminous 
flux at that point, or the quotient of the flux by the area of 
the surface. 

1 Lice=1 Lumen per sq. m. 
1 Foot-candle=1 Lumen per sq. ft. 


Units of Luminance 


‘The luminance in a given direction of a surfuce emitting light is the 
quotient of the luminous intensity measured in that direction 
by the area of this surface projected on a plane perpendicular to 
tle direction considered. 

‘The unit of luminance is 1 candle per unit area of surface. 

‘tfumination in, foot-candles x incident reflection factor of surface= 
luminance in Foot-lamberts, 

1 Lambert-—=a perfect diffuser emitting 1 lumen per sq. em, 





1 Foot-lambert=a surface emitting | lumen per sq, ft. 

‘A perfectly reflecting and diffusing surface illuminated with an 
intensity of | foot-candle would possess a surface luminance of 1076 
millilamberts. 


‘Unit of Retinal Mumination 

1 Photon=1 candle per sq, m. received through pupil area of | sq. mm, 

Least energy perceptible to the eye—42x 10 erg. per sec.—vir,, 
0.00156 lumens per watt for wavelength 5,560 A. Or, 1 watt 
should yield 641 lumens. Enerey value at the absolute threshold 
is 42x10 watt; therefore value in lumens is 27%10%= 
7-3%10°* candle | m. from the eye. 

Under dark adaptation a square whose sides subtend an angle of 2 
at the eye must have « luminance of two-miflionths of a foot- 
lambert if it is to be detected. 


2. THE SECONDARY LIGHT-SOURCE 


‘The colour of a surface of matter varies owing to its power to absorb, 
reflect, or transmit light. These effects may be selective, and, indeed, 
generally are so. We know that our sensation of hue is caused by 
fight lacking in some component which if added would give the sensi- 
tion white; in this way, by the subtraction of some of the elements of 
100 
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white light, the colours of material objects originate. I the surface 
of the material is polished and regular the reflection therefrom will 
be of that type known as direct. In this case, regardless of the light- 
absorbing property of the material, within a certain angle nearly all 
the incident fight will be reflected. ‘The susfice of a piece of red glass, 
for example, can reflect light just like a mirror within a certain angle, 
Whereas at another angle it will appear a saturated red. Sometimes 
selective absorption occurs in the outer layers of a polished object. 
At the angle at which direct reflection is avoided such an object wil 
be more saturated in colour than a non-polished, diffusely reflecting 
surface. This effect is familiar in the increased * richness "” in the 
appearance of a surface after polishing or varnishing, 

‘The characteristic absorption of the principal, pigments and dyes 
should be studied by those engaged in the art direction of colour 
films, because it is important to be able to predict the reproduction 
With some approximation to accuracy. The usual method of presenting 
the absorption, or reflection, factors of a pigment, or a dye, is in 
the form of a curve representing the reflection, or transmission, 
factors of the colouring medium for radiant energy of all wavelengths 
in the visible spectrum. When these are plotted we have the curves 
Tepresenting the spectral reflection or transmission factors for the 
Visible spectrum. Typical spectrophotometric data are plotted in the 
curves in Figs. $2 and 53, from Color and its Applications, by M. 
Luckiesh. These curves are the spectral reflection fuctors of a number 
of fimiliar pigments. Table 21 gives the data from which the curves were 
plotted. The method generally adopted is to compare the intensity of 
the light reflected from the pigment with that reflected from the surface 
of some standard white such as magnesium carbonate. » 

‘The eye is not an analytical instrument. We cannot detect, for 
example, the presence of the band of rays in the extreme red end of the 
‘spectrum in nearly all the basic dyes and many pigments, ‘This band of 
red is of considerable importance in colour photography, and is one of 
the reasons why certain greens, blue-greens, and blues, commonly met 
with in dress fabrics, are so difficult to reproduce; for if there is light 
Tecorded through the red fiter we shall obtain density on the negative 
and therefore proportionately less cyan printed on the positive, 
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From Table 22 it is evident that dye lakes made from such colours 
Aire dangerous to tse. Note, for example, that Victoria Blue reflects more 
red of wavelength 700 My. than blue of wavelength 440 My. Poster 
colours are-at present being used in studios engaged in making cartoons 
in colour; and these are made from basic dyes of which the table gives 
typical examples. Certain of the familiar pigments are safer (Table 23). 
Should it be required to reproduce a pure blue or green it would be 
advisable to use the following: 
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Similarly, if it should be desired to reproduce a maximum red, 
are must be exercised that the chosen pigment does not reflect a 
band of blue rays; in other words, that the supposed red is not, in 
fact, a yery red cerise, or cardinal red. Certain cheap scenic and poster 
reds are made from dye lakes which are purplish in hue, although this 
‘may not be apparent at first glance. 

Ut is not to be expected that the art director will have instruments 
‘available, even in the best-equipped studio, for the measurement of the 
spectral, reflection factors of pigments, nor that he will possess the 
Necessary scientific training which would enable him to use them to 
advantage, so that recourse must be had to some rough-and-ready 
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method of examining the spectral reflection factors of a colour. The 
simplest way is to have three pieces of gelatine filter of the primary 
tricolour analysis colours (Wratten 25, 58, 47) and to place a small 
square of the colour to be examined between a strip of white and 9 
sitip of black paper. By noting the relative luminosity of the colour 
through each filter as compared with the white and black, a rough 
estimate can be made. A still better method, perhaps, is to use a small 
agrey scale such as is available in the Munsell Book of Color, published 
by the Munsell Color Company, Baltimore (distributed by Adam 
Hilger Ltd., London). A note can then be made as to the position 
on the grey scale which the test colour matches; this will give a fair 
indication of its spectral reflection factor in three parts of the spectrum. 
Itwill also give a good idea of the density likely to be recorded on each 
of the three negative records. Such examination of colours is very 
instructive. We learn, for instance, that many apparently pure hues. 
are very poor reflectors of those parts of the spectrum they reflect most 
efficiently; because it is clear that for a certain colour to be reproduced 
‘with maximum intensity itis essential for the negative to record density 
equivalent to that which would be obtained from white. To reproduce 
pure red it is necessary to record maximum density through the red 
filter and to record nothing through the green and blue filters. This 
means that a red to be reproduced as pure as the reproduction colours 
permit would have to appear to the eye through the threo filters as a 
match to white through the red filter and as indistinguishuble from 
black through the green and blue filters. 


Reference 
Joxes, Lovo A., The Photographic Reflecting Power of Coloured Objects," 
Trans. Soc, Mot, Pie. Eng., 11, No. 31 (1927). 
‘Communication No, 327, Kodak Research Laboratories. 


3. TRICHROMATIC ANALYSIS 


Fundamental Conditions for the Reproduction of Colours by a 
‘Three-Colour Process 

Almost invariably it has been the practice of writers on the subject. 
of colour photography to introduce their discussion of theory by some 
reference to the trichromatic theory of colour vision. Unfortunately, 
this approach has been the origin of much misunderstanding and much 
unnecessary mystification. Jn fact, the foundation upon which the whole 
science of colour photography rests does not require any reference 
whatever to theories of the functioning of the visual process. The 
matter is completely covered by the science of colorimetry, the mathe- 
matical laws of which are derived from the phenomena of colour mixture. 
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_It is fact that three wavelengths can be selected from the range of 
visible radiation 50 that when combined in various proportions they 
will stimulate nearly the whole range of colour sensation. The colours 
selected are generally red, green, and blue, Sccondly, if two colours 
are matched in turn by mixtures of three radiations, then the two colours 
together, when mixed additively by suitable optical means, will be 
matched by the sum of the two mixtures similarly combined. Upon 
these two observations colorimetry depends, 

Early in the nineteenth century observation of this phenomenon 
{ed to. Young’s hypothesis that the physiological mechanism for light 
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Fro. $4.—Tilchromatis mixture curves of apectral rimaris 0 60s re, O30 een, 
‘and 0-460 Bluo (W. D. Weight). 











detection must in all probability include some kind of triple receptor 
analyser, and recent investigation has provided strong support for 
the existence of such a function at the retinal stage of the psychophysical 
chain of events, But it should be noted that the experimental fact 
that practically every colour can be matched by the admixture of three 
lou Independent of yt of olor vislon advanced to account 
for it. 

It is helpful to conceive of the means of colour photography as 
constituting a measuring tool for colour. The colour photographic 
Process is subject (o the principles of the science of colorimetry. 
A photographic emulsion is used as a detector (selective) of radiar 
energy, the selectivity being obtained either by photochemical charac~ 
teristics of the emulsion or by use of a selective filter modulating the 
spectral composition of the radiant energy to be recorded. 
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Standardization of the colour mixture characteristics of a normal 
observer and a standard framework for specification were adopted 
in 1931 by the Commission Internationale de I’Bclairage (CLE). 
‘The standard C.1.E, (known in U.S.A. as 1,C.1) observer was based 
upon mixture data of components consisting of narrow bands of wave- 


TRISTIMULUS VALUES. 











«00 S00 rx) 700 
WAVELENGTH (uiLLiuicnons) 
Fig. 55.—Distribution coefficients of the Standard Observer: (CLE. System) for the 


‘spectrum colour. The values off, 5, are he amognte ot he shee CTS 
Fequied 40 colour match n unit ativan of eneray having the lediated ance 


lengths averaging 650 Mu, 530 Ais, and 460Afs. ‘These dts were 
determined by W, D. Wright, D.Se., of the Imperidl College of Sclence 
and: Technology, and independently by J. Guild of the National 
Physical Laboratory (Great Britain), Both data corresponded extremely 
closely (Fig, 54). ‘The C.1.E. trichromatic system of colour specifics. 
tion employs three reference stimuli which are imaginary and are 
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linearly transformed from the data based on real stimuli having 
mathematical significance only, in which negative values (in the real 
stimuli) have been eliminated and one curve of the three, namely the 
‘green, is made identical to the spectral visual sensitivity function, These 
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Fd. 5$A-—Colour niixture curves using real ference primaries. (R.G.B. Dis- 
tribution coeficients.) 


data can be used to calculate accurately all stages of the transforma~ 
tions which take place in the recording and reproduction processes of 
colour photography (Fig. 55). 

Tt has been shown by G. B. Harrison and R. G. Horner [2] that a 
petfect colour process would have to. reproduce @ spectrum perfectly. 
Equations can be developed which will give for uny specified emulsion 
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ty the form of the theoretically ideal aking filters for any 
given set of viewing filters (Figs, 56A, S6B, 56C), but negative values? 
are obtained for the transmission in certain regions for the spectrum, 
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and as a filter obviously has only positive transmissions, it follows that 
exact reproduction of all colours is impossible by any three-colour 
additive process (Figs. S6D and 56E), just as it is impossible to match 
all spectrum colours by admixture of thres monochromatic primaries. 

* A negative amount of « primary is obtained by transfering the primary tothe 


‘oppasite side of the divided Field of a colorimeter, where it i combined wits the 
radiation whose tristimulus values aee being determined 
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Fra, $6C.—Theoretical reproduction af monochromatic colours by a process using 
the filters and emulsion sensitivity shown im Figs, S6A and S68 (Harrisans and 
Home). 





Tn fact, the equations obtained are the distributive coefficients of an 
‘equal energy spectrum, with the viewing filters taken as unitary stimuli. 
Thus in'the case of an additive transparency 





“colour 
recom 7 
fransmissiom pectral diy /Dittofor 
factor of feibution of) , (nd dito for 
silver. behind the view blue 
red filter ‘ter 


(or Tym tuagRyttoaoGictfomB, 
ut 


COLOUR CINEMATOGRAPHY 


Prof, A. C. Hardy of Massachusetts Institute of Technology has 
determined the characteristics of recording tricolour filters which would 
provide negatives to modulate reproduction primaries at every point in 
the reproduction (3). 

Say that the light incident upon the camera lens originating from a 
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Fro, S6D.—Theofetical spectral sensitivities for a typical auditive process (G. B. 
Harrison). 


given area of the subject has @ spectral energy distribution E. The 
trichromatic co-ordinates will be 


x-[Eea, ao 


y= (ina, ao) 
: Pa a) 


where 2, 9, = are the distribution coefficients of unit amounts of the 
spectral colours: colorimetric system used. 

Suppose the tristimulus values of unit amounts of the primaries 
that are mixed to provide the reproduction position are X,, Y,, Z,, 
Xp Vp. Zand X,, YZ», respectively. Then, if an area of the reproduc- 
tion contains r units of the red primary, ¢ of the green, and b of the 
blue, the trichromatic co-ordinates of this area ure 
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‘Theoretical reproduction of 60 My band by a.process sing the fillers and emulsion 
‘sensitivity shown in Figs. 56A and S68 (Harrison and Horner). 
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700 
Fig, $6E—Theoretlcal reproduction of (My band by a typical commersial 
(process (Harrison and Horner) 

If this area is to evoke the same visual sensation as the area of the 
subject characterized by the energy distribution E, the necessury 
condition is 
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i FB 


Over @ wide range of ae level the: reproduction would be 
entirely satisfactory if the tristimulus values of the reproduction 
Were proportional, but not necessarily equal, to those of the corre- 
sponding area of the original, 

Let the effective spectral sensitivities of the three negative emulsions 
be represented by S,, S,, and Ss respectively, then when exposed to 
spectral energy distribution E the three exposures are proportional, 
respectively, to 


2-(" ESD, 4a) 
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Each exposure determines the amount of the reproduction primaries. 
If the conditions for tone reproduction are satisfied, 
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‘These five sets of equations may be combined algebraically to yield, 
the following equations: 


bX, Sudha Xel” ES AOXe | esuam [ Be, (60) 
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These define the essential conditions for correct reproduction of 
‘one of the subject colours. Inspection of these equations reveals 
that one subject colour is correctly reproducible in an infinite number 
of ways. In other words, regardless of the form of the emulsion filter 
sensitivities Sr, Sy and S,, or the tristimulus values of the repro- 
duction primaries, the constants muy always be chosen in such a manner 
‘that equations 6 will be satisfied for a given colour in the subject. 

To reproduce all colours, equations 6 must be satisfied simultane- 
ously, regardless of the form of the function E (spectral distribution of 
energy of original colour. eae be true if at every wavelength, 
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Only relative values of S;, Sy, and S, are required in practice, $0 
that equations 7 can be written more simply in terms of the tri- 
chromatic coefficients of the reproduction primaries. rather than in 
terms of their tristimulus values. Then the fundamental conditions 
for exact colour reproduction by a tricolour process become 
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Hardy notes that "* these conditions are perfectly general 
sense that the colours of the subject may be either real or imaginary. 
Likewise the reproduction. primaries may be either real or imaginary. 
Iu practical process the reproduction primaries are real, and negative 
amounts of the primaries cannot be employed, This limits the realizuble 
colour gamut, but in no way alters the fundamental requirements 
Which must be fulfilled by any three-colour process, real or imaginary." 

It is relatively easy to apply equations 8 to additive processes, 
but not so easy in the ease of subtractive processes. In an ideal sub- 
Iractive process each dye absorbs radiation uniformly in & spectral 
region not absorbed by the other two, so that reproduction primary 
is determined by the colour of the fight absorbed by one of the three ~ 
dyes. By substituting the values of the reproduction primaries in 
‘equations 8, the spectral sensitivities of the colour-separation negatives 
can be calculated, 

In subtractive processes one dye only is not actively absorbent 
at every wavelength, A composite subtructive primary can be deter~ 
mined by taking into consideration the absorption contribution at 
all wavelengths of the thres dyes combined. Hardy determines such 
primaries by starting with the spectral transmittance of a piece of 
film whose colour is, say, a light Mesh tint when projected (curve F 
in Fig. 57), He then takes another piece in which the concentration 
‘of the red-absorbing (cyan) dye is slightly reduced (curve R). Assuming. 
8 projection source corresponding to illuminant C, the tristimulus 
values calculated from curves R’, G’, and BY of Fig. $7 are shown 
in Table 24, 











Taute 24 
Red Primary. Green Primary, Blue Primary, 
X= 040900 Xe= 01988 Xp = 01847 
Y; = 03346 Yi = 04423 Yq = 01265 
Ze = 0168S = 03M Zs = 0-8889 


Substituting these values in equations 8, the valnes of Sr Se 
and S; are those shown in Fig, 58. Naturally, we have negative valties 
for these emulsion responses, and these can bz effectively obtained only 
by masking. 

Hardy continues the argument thus: “' Three negatives may be 
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ia, 57.—These spectrophotomeiric curves illustrate a miethod by which the repro> 
duction primaries in # subtractive process can be identlied (A. C. Hardy), 


mude to suffice by abandoning the assumption incorporated in equa- 
Hons 5. Instead, let it be assumed that the amount of the red primary 
is to be miade dependent to some extent upon the exposure received 
by all three-colour separation negatives. If a similar assumption is 
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Fic, 58 —These curves indicate the relutive spectral sensitivity of the three emulsions 
To be used in making thre-colour separation negatives that will contro propesly the 
raprodiction ptifes deliiod ia Fig. 57 (A. C. $863), 
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made with respect to the green and blue primaries, equations 9. are 
an expression of the propased technique "* 

pksEepkBep kaDe, (9d) 

Sciceetaee BO 

To realize this in practice involves controlfing the red primary by 
means of an image that is. composite record of the red, green, and 
blue negatives, The extent to which each exposure is weighted by this 
record is determined by the magnitude of the constants ky. kes and Ky, 
When one of the canstants is less than zero, a positive image rather 
than a negative image is to. be employed in making the composite 
record, Care must also be taken that the characteristics of the photo- 
staphic materials are substantially linear in order that « true addition 
or subtraction of exposures may be effected, 

To. quote Hardy: “* With this understanding of the proposed 
technique, fet equations 9 be substituted in the previous development 
instead of equations 5. The conditions for correct colour rendering 
are then found to take the form 





KS+KS,+%, (104) 
eStes=e (1) 
KScestee=s U0 





where the constants in the above equations (indicated by capital letters) 
have the following values: 
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Hardy concludes his beautiful analysis. thu: Equations 10 are 
of the same form as equations 7, and can be used in the same 
manner, In this case the spectral sensitivi S,, S,,.and S,, may be 
‘everywhere positive and are therefore readily realizable in practice. 
‘Those familiar with the concepts of | ‘colorimetry will recognize that this 
technique involves, in effect, the preparation of a set of three negatives 
which would properly control the reproduction primaries employed 
in any process, additive or subtractive. In the ‘application of this 
technique to subtractive processes, the numberof constants is so great 
that the reproduction may arbitrarily be made correct at several 
points within the boundaries of the realizable colour solid. 

“‘It may be added by way of conclusion that the requirements of 
the theory herein set forth are inescapable. They are the direct conse- 
quence of the characteristics of the visual Processes of the human 
8 
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observer, No three-colour process can ever duplicate the energy 
distribution of each point of the subject, butit can be made to duplicate 
the visual effect, provided the necessary conditions are satisfied. 
‘That the conventional colour separation negatives do not properly 
conirol the reproduction primaries has been given tacit recognition 
by the empirical attempts at * correction * such as masking. Although 
such methods: of correction are incapable of satisfying the conditions 
for perféct colour reproduction, the improvement resulting from their 
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use seems to indicate the desirability of employing the type of correction. 
that a rigorous analysis of the problem prescribes,"” 

Nore—The writer has endeavoured to do Prof, Hardy's classic 
paper justice, apologizing for such abridgements as were dictated by 
restrictions of space, 

Similarly, MacAdam and others have shown that the achievement 
‘of perfect teproduction of not only the relative luminance but also 
the dominant wavelength and purity of every detail in the subject 
photographed is theoretically unobtainable unless the spectral sensitivity 
‘curves of the emulsions used for trichromuatic analysis are in quantitative 
‘Agreement with curves which specify the colour-matching 
‘of normal human vision, These spectral sensitivities should be linear 
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combinations of the colour mixture functions. The required photo- 
graphic sensitivity curves will depend on the chromaticities of the 
Teproduction primaries. The negative portions of these curves corre- 
spond approximately in magnitude and spectral location to the locations. 
of the portion of the colour mixture diagram lying within the spectrum 
locus, but outside the triangle, which represent the reproduction 
primaries. Unfortunately, the contrast characteristics of an emulsion 
vary with wavelensth, with consequent variations of spectral sensitivity 
With exposure (Fig. 59). Only when emulsions can be made having 
contrast characteristics independent of wavelength will it be possible to 

ign filers which will render the response of the emulsion equivalent 
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Pio, 59A,—Contrast (7) versus wavelength characteristics of a certain oI 
ital (Bs Hany, stan scrote 


to that of the eye for all normal fevels of illumination, Sets of filters 
can be used whose transmittances clogely resemble the positive portions 
of the colour mixture functions. A negative made with such filters 
is called the principal negative. 

Another filter combination can be chosen to provide relative spectral 
semitivities proportional to the values of the negative portions of the 
mixture curves. This negative is known asa correction negative. 
A positive transparency printed from this. nogative is known aa a 
mnatk, The principal negative and the mask are finally superimposed 
in register to form what MacAdam hus called a corrected separation 
negative. The masking method has been shown by mathematical 
‘analysis. to be superior to normal separations. Computations show 
that little improvement can be effected by any of the methods which 
shave been suggested for improving normal colour separations in which 
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the spectral sensitivities are proportional to the positive portion 
only of the tristimulus valies of the spectrum computed on the basis 
of the actual projection primaries. We must distinguish, however, 
between theoretically perfect photographic methods for’ obtaining 
perfect reproductions and the methods which are feasible in commercial 
prictice, 

MacAdam (4] has discussed also the theoretical basis for a law of 
subtractive mixture analogous to the accepted methods for computing 
additive mixtures. From this law calculations show that in the case 
of the dyes used in the wash-off relief process the masks would have 
0 be prepared as follows: 

A positive mask made from the green camera negative is registered 
with the red camera negative to form the cyan printer. This mask 
should have a gradient of (042 with relation to the green camera 
hogatives. A positive mask from the red camera negative should 
be registered with the green camera negative to form the magenta 
printer, This should have a gradient of 0-58 with respect to the red 
camera negative. Finally, a positive mask from the green camera 
negative should be registered with the blue camera negative for the 
yellow printer. Normally the mask made from the green negative 
‘ean be used for both the cyan and yellow printers, Thus, only two 
masks need be made, 

Itis not proposed in this treatise to present a résumé of the immense 
literature which has accumulated in the last few years covering, the 
theoretical mathematical treatment of the problems of colour photo- 
graphy. Those aspects of the science of colorimetry with which the 
serious student must acquaint himself in order to master the subject 
fare fully dealt with in the works cited under the references given below. 





‘Tricolour Filter Ratios 


We know that the densities of the image of a scale of greys obtained 
through eich of the three fillers must be identical. The ratio of ex 
posure will vary for a given set of filters and for different makes of 
film, and also, with the spectral character of the light-source. ‘The 
principal manufacturers supply correct exposure ratios. It is, however, 
ftdyisable to test the balance obtained under any particular set of 
conditions. In the case of a beamsplitter camera this is essential, as 
the light reaching each primary filter will depend upon the design of 
& special optical beamedividing unit. i 

Perhaps the simplest method is to place a patch of the filter in direct 
contact with the film and to take an exposure with the lens facing a 
surface of diffusely reflecting white. For this purpose "* pot opal” 
gluss, hacked by white drawing paper, makes # satisfactory reflector. 
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We might obtain the following densities using Kodak Super-X Motion 
Picture Negative Film at a given exposure: 
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Developing the film to a gamma of, say, 065, it will be seen that for 
this particular film the compensation required is very little, Taking 
the green as the lowest and compensating for red and blue, we have: 


006 
14108006 BEE —oo73) 





sit-to8a009  223o04 


Now these figures really represent excess densities obtained, and since 
density is proportional to the log, of exposure, their antilogs. represent 
the factors by which the effective exposure is in excess, Hence the figures 
may also be regarded as representing densities which must be added 
{o the filters to reduce the effective exposures, while the reciprocals 
Of the antilogs. represent the fuctors by which the exposures (ey, the 
‘areas of the filters) must be reduced, 

Now the antilog. of 0-092 is 1-236 (additional density for red), 
and the antilog. of 0-046 is 1-411 (additional density for blus). “The 
reciprocals are 0-809 and 0-901 respectively, or expressed as percentages 
the red and blue filters must be reduced to 809 and 90-1 per cent. 
respectively of their original areas, 


‘Correction for Tungsten Light 


‘This time the blue is the lowest and we eorrect for red and green, 
For red, 


133-1030 00-46 (added density), 
For green, 
vit-tea=008 20% 0125 (eed dei. 


Antilogs, of 0-46 and 0-123 are respectively 2.88 and 1-33, 

Reciprocals of these are 03472 and 0:752, 

Hence red and green filters have to be reduced to 347. and 75:2 
per cent. of original areas respectively. 

Now it should be simple to got from these figures the required 
compensation to convert perfect daylight filters to perfect ones for 
tungsten, Thus, using the corrections determined above, the filter 
areas for equal densities are: 
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R 809 wT 
o. 100 752 
R oT 100 
Equalizing for blue, we have: 
Daylight. Targsten 
Hs 0 37 
cigs i 752 
a 100 100 


Hence, to change from daylight to tungsten, the red area has to be 
reduced from 90 to. 34:7, which works out as a reduction to 386 
per cent, of original ured. Similarly the green is reduced from 11} 
to 75-2—1e,, to 68 per cent. 

Entirely satisfactory tricolour filters are manufuctured by the leading 
photographic firms, such as Kodak, Ilford, Dufay-Chromex, and 
Anseo, The relative spectral transmittances of these filters differ only in 
minor respects. Ilford Ltd. supply sets of compensated filters which 
five correctly balanced exposure for the grey scale when used with 
panchromatic and hypersensitive panchromatic materials. These 
filter sets consist of the existing standard trichromatic blue filter, 
‘whereas the green and red filters have been made by dyes which have 
been mixed with x certain proportion of neutral grey. Such filters 
obyinte the necessity for calculating filter ratios, 

For two-colour work with bipack it is generally unnecessary to use a 
filler, On occasions it may be desirable to use a K-1 or K-2 (Wratten) 
or a Beta or Ganima ford Filter for exterior work. When using bipack 
for tricolour work by alternate exposures the best pair of filters is 
Wratten No, 12 and No. 47 for artificial light and No. 15 and No. 
49 for sunlight. 

‘Two-colour filters for additive work are: 


‘Taxina Fiurers: SUNLIGHT 
Wratten No. 28 (Red-orange), 
Wratten No. 404 (Blue-green). 


TAKING Fivtuns; Tuxosten Lame (3,500" K) 
‘Wratten No. 28. 
‘Wratten No. 56 or No, 40. 


Provecrion Finraus 


Wratten No. 238. 
Wratten No, 69, 
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FILTER CALCULATIONS FOR TRICHROMATIC ANALYSIS 


S. H. Groom, of the staff of the’ Science Museum, London, fas 
made some interesting calculations of the filter-balance problem, and 
the following material is included with his kind permission. 

On first consideration it might appear that if a given combination 
of filters and emulsion gives correct results for one type of illumination, 
it would do so for all others. For it may be argued that a change in 
the composition of the illuminant will affect equilly both the eye 
and the photographic record. If we really desired to reproduce what 
We actually sce, this would appear to be the case, In point of fact, 
however, the eye tends to accept a grey pigment as grey under widely 
different’ conditions of illumination and to adjust its whole colour 
scale accordingly. In any case, practical experience shows that it is 
normally desirable and in fact necessary to "* balance” the three 
Negatives so that they give equal densities when a grey pigment is 
photographed with the illuminant in question, 

In the balancing process the principal fuctors involved are (a) the 
spectral composition of the light, (5) the transmission characteristics 
OF the filters, and (c) the sensitivities of the emulsion for red, green, 
and blue. 

Of these three it is usually much easier to adjust the values of (6) 
than of (a) or (c), and hence in practice we usually choose filters 
which are approximately correct for'a given illuminant and a given 
emulsion and then compensate them (e.g., by reduction in area or 
addition of density) to give equal densities for w grey scale, 

Fora different illuminant we may either choose different filters oF, 
in some cates, use the same filters with different compensation. In this 
way various types of arithmetical problems arise which are extremely 
Simple in themselves but in which mistakes are easily made unless 
the principles are clearly understood and unless a nomenclature is 
tused which avoids ambiguity, 

It should be remarked that in problems of colour photography we 
aire not unually concerned with actual values in definite units so much 
48 with the ratlo of the quantities concerned, such as intensity, sensitivity, 
tc,, for each of the three primaries red, green, and blue. Such groups 
Of three. numbers are frequently expressed as percentayes—L.., so that 
they add up to 100—but when we are concerned with a ratio there is 
no particular virtue in this, and in the course of calculations it is a 
sheer waste of time to reduce to percentages, at any rate before reach- 
ing the final ratio which is being sought. 

Before discussing problems of the type referred to it will clearly 
ibe necessary to define the various terms to be used: 

‘The Relative Intensities of red, green, and blue in a given illuminant 
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are expressed as the ratio of the amounts of energy contained in the 
three wavelength bands used in colour photography. This ratio could 
be obtained from an energy distribution curve of the illuminant 
by determining the areas under the three portions of the curve in 
question, Intensities will be denoted by 1, Iu Tu, ly ete, 

The Transparency’ of a fiter is defined as the ratio of the intensity 
of the transmitted light to that of the incident light, Thus, if light of 
intensity 1 falls on a filter and 1; is transmitted, 





By the Relative Transparencies Ty :T, iT, of a set of tricolour 
filters we shall mean the ratio of their transparencies for light of 
their own colour, Note that, since each filter transmits light af its 
‘own colour only, the transparency of each filter for an equal energy 
illuminant would be one-third of its transparency to light of its own 
colour, Hence, since all three transparencies would be reduced in 
the sume ratio, we might have defined relarive transparencies as the 
ratio of the intensities transmitted by the filters when a‘ white" 
light of the same intensity was incident on all three filters. Actual 
transparencies can, of course, never be greater than 1, but this will 
clearly not apply to numbers which we may use to represent relative 
transparencies, 


Opacity is defined as the reciprocal of transparency” 





Note that if one filter has a transparency 1/3 and another a trans- 
parency 1/2, the two together will transmit 1/3 of 1/2 of the incident 
light and the transparency of the pair together is 1/6. In general, the 
transparency of any combination of filters may be found by multiplying 
together the individual transparencies. Similarly, the opacity of a 
combination of filters equals the product of the individual opacities, 

Density is. defined as log. (opacity). Since the log. of a product 
equals the sum of the logs. of the fuctors, to obtain the density of a 
combination of filters we must add the separate densities, 

The terms * density” and " opacity " should not be confused. 
At the same time it is obvious that when the opacities are equal 
the densities are also equal, so we can speak of filters or negatives 
of equal density or of equal opacity without ambiguity. 

Relative Sensitivities Sp: Sui Sp Will be defined as the ratio of 
the photographic effect given by equal intensities of R, G, and B, 
other things being equal, or as the ratio of the reciprocals of the in 
tensities required to give equal densities. 

We are now in a position to consider certain types of problem 
involving some of the above factors. 
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Relative Transparencies 

(1) Given an illuminant of equal intensities for R, G, and B, and 
given the relative sensitivities of the emulsion, to determine the re- 
quired relative transparencies of the filters to give equal densities 
for a grey scale, 

For this the values of SXT must be equal for R, G, and B, 

Hence the values of T must be inversely proportional to those of S. 

Hence 





Tait 





emsteasal sk. 





i of the illuminant and the relative 
sensitivities of the emulsion, to find the required relative transparencies 
of filters to give equal densities for a grey scale, 

‘The values of 1X T XS must be equal for R, G, and B, 

Hence the values of T must be inversely proportional to those of 
1X8—hew, 

TeiTys Ta must equal hs ch sy 

For example, suppose the relative intensities are 60:27:13 and 

the relative sensitivities 6 = 30 : 64, then 





Te 





Peed 
60 6! 27! IS 6H 
9362416 405 

‘of, expressed as percentages, 3-2 : 23-7 : 2305. 

(3) Given the desired relative transparencies (/) for an illuminant of 
known relative intensities (I), to find the required relative transparencies 
(1) for another illuminant of known relative intensities (1) used with 
the same emulsion (of unknown relative sensitivities), 

Since the emulsions are the same in both cases, the transparencies 


‘must be inversely proportional to the relative intensities, 
Hence 








For example, suppose the relative transparencies 70:20: 10 give 
equal densities for grey with un illuminant of relative intensities 
50:30:20, then, using the sime emulsion, the required relative 
transparencies for an illuminant 60 : 25: 15 will be given by 
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‘The Compensation of Filters 
‘There are two principal methods of compensating filters: 


(1) By the reduction of area, 
(2) By the addition of density, 


(1) To reduce the total transmission of'a filter from a value Ty to a 
value T, we need only reduce the area in the same proportion, 


If the problem occurs in connection with three filters, we proceed as 
follows: 


‘Suppose the relative transmissions are 16 for R, G, and B 
respectively, and we require a ratio 40 ; 32 : 28. Multiplying the latter 
throughout by 16/28, it reduces to 228: 183: 16 (equalizing for 
blue). 

28 


From this we see that the red filter must be reduced 10 “Fo (=38 


Per cent.) of is original area and the green filer to 15> (=762 per 
cent.) of its original area, 

(2) To compensate by the addition of density, 

If-we require to change a filter of transparency T; to one of trans- 
patency Ty, we could obviously add a filter of transparency T such that 
TXT\=Tey such that T=. The opacity of such a filter 

: 
would be 7}, and its density would be 











log. Pilon. T—lo8. Te 


Suppose, for example, that we wished (o solve the previous example 
by the addition of densities, we first equalize for the blue filter as 
before. ‘Then; 


Required additional density for the red filter= 
Jog. @ tog. 2B 1 7782—14472=0331. 
Similarly, for the green, 
fox 24 —log. 18:3~ 1-3802— 


Note also that the antilog, of density gives opacity and the reciprocal 
‘of this gives transparency, Hence the addition of a density, D, to a 
filter of transparency, T, gives filter of 


esas step 


262501177. 
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To compensate a Set of Filters by Means of an Experlmental 
Determination of the Densities produced 

Before proceeding to this example it will be necessary to introduce 
a further definition, 

It is found that over the region of correct exposures the difference 
of densities obtained is proportional to the difference of the logarithms 
of the exposures, This ratio is known as gamma, so that we have 
DD, 

=Hoe 
Noy to reduce an exposure of E, to E, we must clearly add a filter 


the transparency of which is F*. Its opacity. must therefore be ze 
i 
and its density log. Ey—log. E,, But this has been shown to be equal 
D,-D, 
to 


at or tog: E, log. B= Pi=Ps, 





1 

Hence this tast expression gives the density of the required compen- 
sating filter, 

‘The corresponding transparency is 

1 
Anilog. PEP 

and if we wish to correct by a reduction of area, the area would, ob- 
viously have to be reduced by this factor, 

For example, supposing that with a certain emulsion and illuminant 


and developing to @ value of yamma= 065 we obtained the following 
densities: 





‘As tho blue gives the lowest density we must clearly correct for the 
red and the green. 


penta 133-103 _ 03 
Reneiae 
WS D1Bst = fasn OM, 
Similarly, for green, 
Vi1—1o1=008 and 924, 


Hence the required added densities are 0-46 and 0-123 respectively. 

Also the antilogs. of these are 2:88 and 1-33, and the reciprocals 
of these are 03472 and 0-752 respectively. 

‘These are the factors for the reduction of areas which would there 
fore have to be brought down to 34-7 and 75-2 per cent. of the originals 
if this method of compensation were adopted. 
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THE PHOTOCHEMICAL RECORD. THE RECORDING 
PLANE (TRICHROMATIC RECORD) 


‘The photographic record constituting the original or master film 
for a motion picture in colour may take one of the following formis:— 
1, Sticcessive Frame, 

Separation negatives of normal dimensions successively recorded 
‘ona single film strip coated with a panchromatic emulsion, Camera 
normal, 
2." Three-Strip.”” 
Namely, three films for exposure in a beamsplitter camera em- 
odying two exposure apertures. Two of the films constitute a 
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bipack which is used in one of the apertures or gates, and the 
Temaining film is exposed in the other gate. 


Example: Eastman Three-strip film as supplied for Technicolor 
and Dufaychrome, 


3, Integral Tripack (Monopack, Multilayer), Camera normal. 


(a) Standard 35 mm. A. Layers containing non-diffusing 
Original is a coloured positive colour couplers. 
by reversal processing, Examples: Ansco Color, Agiacolor 


Reversal, Gevacolor Reversal. 
B. Processed by controlled colour 
development, 
Examples: Kodachrome, Mord 
Colour, 

(@) Original is « coloured negative. Examples: Agfucolor Negative, 
Without integral mask, Layers Gevacolor Negative, 
contiining non-diffusing co- 
lour couplers. 


(©) With integral masking. Examples: Eastman Color Nega- 
tive, Ansco Color Negative; 

4. As alternative 3 above, but sub-standard. 
Many Technicolor films have been ** blownsup "from 16 mm. 
Kodachrome originals. The method is equally applicable to Anseo 
Color of Agfacolor 16 mm. reversal positives, Camera is sub. 
standard, 

5. Addttive Screen or Mosaic Negative, 
Camera normal, Example: Dutaycolor Negative, 

6. Stripping Tripack., 
Without colour development. Examples; Technicolor, Du Pont 
Camera normal. G-colour bipuck), ” Gevaert, 

Coote, and Kodak patents. 

Such a material would resemble Kodachrome, but the layers 
Would have to be separable, yielding normal separation negatives, 

7. Single Frame Multiple Image. 
Separation negatives of sub-standard dimensions simaltancously 
recorded within the area of a normal sound frame (16032 
22:05 mm.). Normal motion picture panchromatic film is ere 
ployed. Beam-splitter camera required, such as the cameras oF 


‘Thomiascolor, Roux, Francita, Cinecolor (British). 
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8, Bipack (Two-colour), 
Exposed in a normal camera equipped with special gate and 
‘magazine, Camera moditied, 

9, Lenticular Film, (In effect, an additive screen process.) 

Exposed in « normal camera, 


|, Successive Frame Method 

Title, cartoon, or animated puppet films are generally made by 
successively exposing a set, or frame, of three exposures made respes- 
tively through red, green and blue tricolour filters, use being made of a 
normal high-grade camera equipped with register pin movement. It is, 
certain that only first-class apparatus is good enough, since microscopic 
inaccuracies of film positioning between successive exposures will 
result in colour fringes in the final print. It is also essential that the 
single frame camera-turning mechanism, by which the successive 
exposures are made, should be extremely accurate so that there are no 
variations in the exposure time given for each single frame, 

Detailed instructions will be found in the Technicolor and Dufay- 
chrome sections (see pages 414, 451). Reterence will only be made 
here to essenti 

A. The order of exposure should be through the colour filters Blue, 
Red, Green, (Required by Technicolor.) 

B, Wratten filters A, Band C should be used, namely, Nos. 25 (Red), 
$8 (Green) and 47 (Blue). Generally used as unmounted gelatine. 
Optical flats can be used, but it is dificult to ensure perfectly 
parallel mounting for the three, Filters made by Dufay-Chromex 
used for Dufaychrome are Chromex 523 (Red), $24 (Green) and 
525 (Blue), 

C, Negative film stocks recommended ure Eastman Background X 
Or Plus X. Filler factors for the former for Wratten filters 
25, 58, 47 are respectively 4—6—10. The speed of Background X 
to tungsten lighting is approximately Weston 16. 

D. Delinition of the negative should not fall below a resolving 
power of $0 fines to the millimetre, 

E. Picture Aperture as per B.S. 677, 1942, viz., 2216 mm. 


2, * Three-Strip ” Film und Emulsion Combinations for use in Beam- 
Splitter Cameras 
When the Technicolor organization first began to use their three- 
colour cameras, the combination of films they employed, comprised a 
bipack which was intended primarily for two-colour photography and 
which recorded blue on its front element, red on the rear film, and a 
separate high-speed (Super XX) panchromatic film to record green, 
‘The front film of the two-colour bipack carried an orange-red filter 
layer over its emulsion, and this, toxether with a magenta (minus-green) 
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filter placed in front of both films, ensured that only blue light was 
recorded on the front film and red on the rear element, A tri-colour 
green filler was used ahead of the panchromatic film. 

A minus-green filter, such as Wratten 32, was necessary. because 
both front and rear elements of a two-colour bipack have some green 
sensitivity. The type of magenta filter required has a daylight factor of 
approximately 5, while the tricolour green filter has a factor of 6 under 
the same conditions, 

These losses due to filter inefficiencies were largely eliminated when 
Technicolor was able to employ three films which had been made by 
Eastman Kodak specially for the beam-splitter camera. The new 
combination of films (first used about 1940) comprises a bipack with a 
Purely blue-sensitive front film together with a blue and red sensitive 
back film—a suitable red filter being carried by the emulsion of the front 
clement. This type of bipack requires no external filter as neither 
element has green sensitivity. For the separate green record a highly 
green sensitive emulsion is used together with a minus-blue (yellow) 
filer (© account for the inevitable blue sensitivity, The yellow filter 
Tequired will probably haye a factor of approximately 2)—representing 
1 considerable saving on any tricolour green filter. 

It is likely that the original two-colour bipack and single panchro- 
‘matic film had an effective speed of Weston 3, while the new set of three 
films has a speed of approximately Weston 6. 


3. Integral Tripack 

Integral Tripuck, or Monopack, as it is called in America, has not 
quite come up to the expectations of those who thought it would 
climinate the inconveniences of the beam-splitter camera. ‘The problem 
of making perfect three-colour separation negatives from a positive, 
of a negative, colour transparency immediately presents itself, and we 
know that this necessitates masking, If the masks are separate films 
registration is almost impossible to apply as a standard laboratory 
technique. In general, now well recognized, mayentas have 
excessive absorption of blue and, to a lesser degree, of green, while 
cyans also have excessive absorption of blue and green. One of the 
alternatives is to make i low density positive from one record atid to 
‘superimpose this upon the second record, In some multilayer materials 
44 separate layer may be inchided which is converted to the desired hue 
for a colour mask, Kodak patents cover an elegant solution of the 
problem. In the Ektacolor? negative the eyan coupler is orange in hue 
instead of colourless as in, say, Agfacolor, its absorption being designed 
to be just sufficient to cancel the excessive blue and green absorptions of 
thecyan. Whencompletedits orange colouris simultaneously destroyed, 
thus providing a negative cyan image combined with an orange 
positive, the latter cancelling the density to blue and green light. Such 

* This material will probably be known as '* Eastman Color Negative.'* 
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‘4 masked cyan image will have normal contrast to red light and zero 
contrast to blue and green light. Similarly the magenta is yellow in hue 
sufficient to equal the absorption of blue by the magenta, The combined 
magenta negative and yellow positive works as the cyan negative and 
orange positive just described—it will have correct contrast to green 
light and no contrast to blue fight, From such s master masked 
‘negative, separations showing marked improvement can be made. 

‘An ingenious alternative solution of the problem in the case of a 
‘multilayer negative material is described in B.P. 602,881 of the General 
‘Aniline and Film Corporation, makers of Ansco Color Film. The layer 
carrying cyan coupler contains a uniformly distributed non-diffusing 
yellow or red azo dye of low density, and the magenta layer a yellow 
‘azo dye of low density. After development and fixation by the usual 
technique, the azo dyes are bleached by acid thiourea as in the Gaspar 
process. This bleach has no irreversible effect upon the dyes produced by 
the colour development. The yellow azo dyestuff in the magenta layer 
tind the red azo dyestuffs in the cyan layer are destroyed in situ with 
the negative silver in the two layers, Any reduction of the cyan and 
magenta can be restored by a short rinse in a dilute solution of sodium 
carbonate, The contrast of the masking images so produced is controlled 
by the bleaching time of the acid thiourea. Subsequently, the silver is 
removed by the usual ferricyanide bleach and fixation, Alternatively the 
azo dyes may be added by use of a dye precipitating solution such as 
diphenylguanidine acetate and after drying controlled diffusion effected 
bby washing in water containing isopropyl alcohol, which removes the 
precipitating agent from the top layer only. After precipitation of the 
yellow dye in the magenta and cyan layers by immersion in 2 solution 
Of a yellow azo dye, the yellow is washed out of the top layer, The 
remaining steps are identical to those described above. 

‘Such masked negative integral tripucks have not been used so far in 
any major production, It may well be, however, that such materials 
will yield results superior to those so far obtained with monopack as an 
original record for processes such as Technicolor, A panchromatic 
matrix material would enable positive master printers to be made direct 
from the colour negative, Otherwise the making of separation negatives 
Would involve an intermediate positive stage, the separation yielding a 
set of positives. The weaknesses of the Guspar processing technique 
‘would soon reveal themselves in achieving colour masking by such a 
method on a commercial scale. 

If the monopack original record is a reversal positive, better separa~ 
tions will be made if it has been slightly underexposed in order to give 
good hightight detail. The total density range of Kodachrome, for 
example, is approximately 26, the total range being 0-13 to 2-75. 
Where the density range is 244 or Jess the exposure of the separation 

+ See also US, 2.431.996, Dex. 2, 1947, 
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negative should yield a density of 03 for the deepest shadow on the 
transparency in which detail is to be recorded. Suitable negative 
materials are Ansco One-Strip Color-Separation Film Type 155," or 
Kodak Super XX. Recommended Kodak filters for separation from 
Kodachrome are Wratten 29 (Red), 61 (Green), 49 (Blue). The filter 
factors and relative exposure required will ber 





Relative “Filter 
cette Exposure. Factors. 
Wratten 29 10 33 
atl 13 a0 
» ” 20 
Plus 20, 


Separations can be made by contact or by optical projection. The 
negatives should be developed to & gamma of approximately 0-75. [tis 
ne | 
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Fx). 60.—Characteristic curves for Ansoo Film, Type 53. 

Courtesy of Anseo: H.C. Harsh, JS. Friedman anil Jour, fot, Pie Eng.) 
presumed that a reference grey seale chart has been included in the 
original and the maximum density of the white step should be reudered 
in the separation negative of density not exceeding 1-5. All steps of 
the chart must be rendered. as neatly identical densities in the three 
separation negatives. The highlights must not be so burnt up "as to 
have Tost detail. When making separations by an optical printer, 
condenser: illumination is usually employed, aind diffusion is not 
‘essential, provided a point source, such as a Siemien’s** Solid Source ** 

4 S2e alo page 396, 
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Fig, 61-—Anico One-Strip Separation Film, 
‘Wedge spectrogram showing spectral sensitivity 


(Poca 2. 194) 
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tungsten filament lamp is employed. The only advantage in diffusion 
is to obtain perfectly even illumination. 

‘When using Ansco Type 155 "“One-Strip Color-Separation Film” it 
is the intention of the manufacturer that the separations should be made 
as successive frames on the one 35 mm. strip to ensure that during pro- 
cessing the shrinkage or other changes in the physical properties of the 
film will remain identical forall three separations. In this product equal 
contrast is obtained for the red, green and blue filter exposures. The 
gamma recommended for separation from Ansco Type 735 originals is 
065. If the original is masked the gamma would have to be appreciably 
higher and the material bas adequate gradation latitude to permit this 
without using parallelism of contrast against colour. The normal density 
tange of a Type 735 original is approximately 1-6, It will be observed 
that this range is covered in the straight line portion of the character- 
istic curves (Fig. 60). 

According to H. C, Harsh and J. S. Friedman,“ Another feature of 
this new film is the sensitization which is extended farther into the red 
than. a normal panchromatic film. The reason for this is mpparent 
by reference to Fig. 61. It will be noted that the cyan-dye image has a 
‘maximum absorption at 680 My, which corresponds to the maximum 
Of the red sensitivity of the film, ‘This enables one to use an extremely. 
sharp cutting filter such as Wratten 70, the cut-off of which is well 
beyond the sensitivity range of a normal panchromatic film.” This 
gives a red filter separation which is nearly ideal, increasing the satura~ 
tion of reds and of those colours rich in red. 

The tricolour one-strip analysis Type 155 film is used on an optical 
Printer equipped with registration pins and the copy head must have a 
skip frame action. A filter wheel is synchronized to the action and a set 
of three frames made from each frame of the original, At the optical 
stage, fades, lap dissolves, or other special effects can be included, 
Development is carried out in a buffered borax formula of the type 
used for variable density sound films. 

From the successive-frame separations a duplicate set of separate 
negatives can be made via intermediate positives by the usual technique, 
oF a set of separate positives can be made which are used as masters for 
printing direct on to Type 732 Ansco Color Printing Film, use being 
made of a standard contact step printer equipped with registration pins. 
This method involves three separate printings with the appropriate 

ters, 

C. G. Clarks* has given considerable information on the employment 
of" Eastman Monopack ™ (viz., special Kodachrome) in photograph- 
ing the Twentieth Century-Fox Film production “* Thunderhead," 

* Harsh, H.C and 
Motion Picure 

* Caske, © G. 
(Sor. 183), p. 327 
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Which was released in Technicolor. The whole film was photographed 
in monopack including wide range of background projection shots. 
He claims an equivalent increase of speed of 25% as compared with the 
beam-splitter, Warning is given as to a tendency to increase contrast 
and it is stated that slightly diffused daylight reproduces as bright 
‘sunlight, and light blue skies * become vivid blue."" Cloud-filled skies 
are * most ideal.”” Shadows should be illuminated with the aid of 
reflectors and booster lights. M-R lamps, using Y.1 filters, are used for 
this purpose, Bunting diffusers are useful to soften overhead sunlight. 
An ultra-violet absorbing filter is used for all scenes, exterior and 
interior—Wratten 114A. 

Apertures varied between //2'8 und /16. Interiors were photographed 
at //2°8, Exterior exposures varied from //2'8 for the dark canyon and 
‘waterfall scenes to an average of f)8 for the open landscapes. Exterior 
night scenes were taken in daytime, and for these scenes the film was 
‘one stop underexposed to increase density of shadows. Colour grading 
of the final Technicolor was foreed in the bluish direction to simulate 
moonlight, 

Rushes were made as a reversal black-and-white print from the 
original colour positive. * After a little experience in judging these 
reversal prints, the cameraman can gain quite # good conception of 
‘what quality the final colour print will be." 

Interior sets must have very soft lighting to avoid excessive contrast 
in rendition of flesh modelling, 

“ Many scenes in * ‘Thunderhead " would not have been put on the 
sereen had it not been for easily portable cameras. Not only is produc- 
tion time saved in placing cameras, but extreme camera angles can be 
employed and a greater selection of photographic lenses may be utilized. 
This is particularly so with the shorter focal length lenses, commonly 
called wide-angle lenses. Modern pictures utilize the advantages of wide- 
‘angle lenses for their greater depth of focus and interesting perspective."* 


4, Sub-standard Integral Tripack 
See paragraph 3, page 132. 


5, Additive Sereen or Mosaic Negative 

‘The full technique is discussed under Dufaycolor.’* We will only 
remark here that this type of negative colour film has hitherto only been 
‘of value as comprising the means of printing Dufaycolor positive, The 
soften or réseau dimensions forbid its use as an original for subtractive 
analysis, Experiments were made in 1940, using Dufaycolor negative 
from which black-and-white positive separations were made for printing 
Gasparcolor (dye-bleach process). The resulting print exhibited marked 
granularity and unpleasant boil.”” A réseau of some 150 lines to the 
millimetre would yield a master negative from which prints of accept- 
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able definition and tranquillity could be made, but the likelihood of 
such a sereen being manufactured is very remote indeed. 


6, Stripping Tripack and Bipack 

In BLP. 565,838 and 365,836 of Technicolor, there is described the 
machinery for successively stripping layers from # multilayer film to a 
new film base, “* wherein the outer face of the layer and its old base is, 
‘weakened, or 4 preliminary weakening is completed, while the two bases 
are travelling in superimposition on a carrier’ (pin belt)—" and the 
new base, carrying the transferred layer, is peeled apart from the old 
‘base, either while still on the carrier or after the composite film has been 
removed from the carrier. More than one layer of a multilayer film may 
be so stripped—either by re-tbreading the films into the same apparatus 
or by making provision for successive stripping operations at different 
points."" Multilayer materials may have the same substratum between 
successive layers, being softened before stripping by controlled penetra: 
tion of the same solvent: oF they may have successive substrata soluble 
in different solvents, e.g. water and alcohol, The belt may have mark- 
ings so that when the layers are being transferred corresponding sprocket 
holes of the different films may be caused to engage the same teeth of 
the pin belt in order that slight irregularities in the pitch of the band 
‘may not impair subsequent registration. 

BP. $74,139 and $74,137 of Kodak describe a stripping tripack of 
‘type obviously suitable for handling by the machinery just described, 
and B.P. 574,138 deals with alternative mechanical devices of a similar 
nature to the Technicolor patent. The Kodak patent states that “the 
multilayer stripping film which can most suitably be employed in such 
‘process comprises, in its simplest form, a support having on one side at 
least two superposed silver halide emulsion layers separated by a layer 
of colloidal material soluble in an aqueous medium, or at least so 
softenable by an aqueous medium that it will strip readily from one of 
the emulsion layers. Preferably it comprises a support having on one 
side three superposed silver halide emulsion layers, the two outer 
emulsion layers separated by a layer of colloidal material, soluble or at 
least permeable in an aqueous medium, the inner two envulsion layers 
separated by a layer of water-insoluble colloidal material soluble in 
aqueous orgunic solvent media or alkaline solution. The separating 
layers preferably consist of cellulose esters and may be so composed that 
they are both water-soluble. The principle employed is to interleave 
‘the bottom red sensitive emulsion and the middle green sensitive mem- 
ber of the tripack with a thin layer of cellulose acetate of say 19% 
acetyl soluble in water and alcohol. The coating may contain 1% of the 
‘cellulose acetate in a mixture of 30 parts of ethyl alcobol, 30 parts of 
ethylene glycol mono-methyl ether and 39 parts water. This is softened 

«See also BLP. 574,168, $&2.438 and 629,032. 
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in the stripping sequence by a dilute alcohol solution, Next the inter- 
leaving layer between the ortho middle liyer and. the bluc-sensitive 
top layer is a water-soluble cellulose acetate of acetyl content 17% ftom 
2.1% solution of cellulose acetate in water. To strip the top emulsion. 
treatment with water is sufficient to bring about separation. Such a 
stripping tripack is used to provide separation negatives by stripping 
the upper two layers mechanically and in accurate registration to two 
new film supports, the bottom layer being allowed to remain on its 
original support. Development is carried out after stripping has been 
completed. (Also B.P. 582,439 and $82,436.) 

See also Du Pont B.P. $37,232. 

Du Pont in B.P. 505,861 describe a bipack from which three separa- 
tion negatives can be obtained by a sequence of operations applied to 
the rear element. The bipack consists of a front blue-sensitive yellow= 
dyed: element single-coated of the normal type. The rear clement 
carries a two-layer coating, the front layer being green sensitive and the 
back layer red sensitive, Between the two layers is a red filter layer. 
The yellow dye in the front emulsion and the red filter interleaving 
fayer are destroyed in the developer. 

After development of the rear element a positive intermediate print 
is made from the combined green and red negative records. Next, the 
double-layer negative is bleached ond the top layer only is re-developed 
‘with a viscous developer. On fixation the bottom layer is eliminated. The 
intermediate positive made previously from the two-layer film is now 
tused asa mask and. print made from the two combined. The resulting 
print will be a duplicate negative of the destroyed image which consti- 
ited the rear emulsion, We therefore now have three negatives. The 
front clement of the bipack, ths front negative of the double-coated 
rear element and a third negative derived in the manner described. 

The claims are:—1. The method described for the production of 
independent colour separation photographic records from two or more 
colour separation records inseparably superposed on the same support, 
characterized in that the elimination of one of the records is effected 
after the records have been developed to silver images, by bleaching all 
the records to convert them to silver salts, re-developing all but the 
innermost record by means of controtied development and finally 
dissolving away the undeveloped silver salts which formed the inner 
most record. 

2. The method according:to claim 1 applied to the processing of the 
‘multilayer element (or elements) of a bipack in which one support (or 
both) carries two superposed emulsion layers each sensitized to. a 
particular colour range and in which the layers of both members of the 
bbipack have been exposed simultaneously to form the original colour 
separation records. 

* See also B.P. 623,644, May 20, 1949. Stripping Bipack. Du Pont patent, 
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Contemporary technical procedure in the employment of bipack is 
well described in a recent paper presented by John Boyle, A.S.C., at a 
convention of the $.M.P.E. in October 1946, to which we are indebted 
for most of the information here given. 

The following changes are necessary to convert the N.C. type Mitchell 
for bipack: 

(1) Move tenses towards the fim (emulsion) plane a distance of 
00045 in,, then use normal calibrations for focus, Cameras with 
standard instead of * stip-ring "* lens mounts would have to be 
either eye focused or recalibrated. 

(2) Adjusting lenses will necessitate 
back 0-0045 in, 

(3) Remove" stripper" shoe at back of main sprocket and replace 
with" cutaway "* shoe, 

(4) Lock off clutch. 

( Substitute either « four-roller pressure plate, or a solid pressure 
Plate. In the four-roller plate the (op roller is straight while the 
other three rollers are crowned 0-003 in. The four-roller pressure 
plate is patented by the Cinecolor Corporation and license for 
luse is granted by the patentees. ‘The solid type plate is crowned 
(0-003 in, and is of polished chrome.' Pressure can be obtained 
‘with a solid screw or by use of a spring having twice the tension 
fof the normal spring. In practice use is generally made of the 
‘solid serew for the four-roller plate, being careful to avoid’ run- 

Mr. Boyle states that the proper adjustment of the pressure plate is 
very important; insufficient clearance with consequent “* punching * 
will cause perforation damage and out-of-register images, while too 
much clearance will destroy contact of the rear negative, resulting in 
breathing” and out-of-focus pictures. 

A test chart is photographed at the end of each day's work and the 
paired ‘negatives carefully examined for contact, any lack of which is 
Tuinous to the rear image. The back negative should be compared with 
ivstandard of excellence retained as a control. 

Coated lenses have given the best results and satisfactory pictures 
have been made with lenses varying in foci from 24-40 mm., but such 
‘wide-angle lenses must be used with discretion. 

‘Owing to the difficulty of obtaining adequate illumination with 
tungsten lighting and Variations in colour temperature, only the eaterior 
type of bipack has becn used in the Hal Roach Studios, in which a large 
number of two-colour films have been made. Generally H.1. ares are 
‘employed, the general illumination being identical to Technicolor. 

Boyle notes that back light should be kept to a minimum, only the 

+ The solid type pyiumidully crowned is used by Republic Pitures Corp, for thelr 
‘Trucolor bipack Mitchell cameras 5 








skimming "' the ground glass 
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necessary amount being used to give detail in hair and separate the 
colour planes. An undue amount gives bluish highlights. In exteriors, 
back light causes grass and foliage to reproduce as brownish in hue and 
should be avoided. For street scenes and exteriors where there are no 
deep shadows, overcast weather conditions have given the best results 
(HLL. arcs and booster lights assisting) for foregrounds and faces, ‘The 
use of an ultra-violet absorbing filter helps in rendition of flesh colours 
and textures. In general, the set should be fully lighted, avoiding deep 
shadows. With coated lenses at an aperture of /)2'8 a keylight of $00 
foot candles is employed, filled to an over-all luminance of 650 foot 
candles. For night effects and somewhat deeper shadows, less fill and 
more cross-light should be used. Night effects are accentuated by the 
use of “* practicals."* and brightly lit windows. Generally some 20% 
of the lights used are tungsten lamps used with Macbeth * Whiterlite " 
filters. Occasionally ordinary incandescent spots are used without 
correction to emphasize reds or orange. Because of the volume of light 
necessary, large units are used as far away from subjects as set construc- 
tion will permit, The familiar Y-1 filler is used on all H.I. spots, to cut 
the excessive blue-violet, but as in Technicolor lighting, the Mole- 
Richardson broadsides are used without filters. The side arcs give a 
colour-temperature of 5,500" K. The HI. ares with 170-Y-1 Brigham 
gelatines are 5,900° K. 

Make-up should be on the light side to avoid a red-orange or sallow 
complexion. Lip rouge should be an orange-red. Grease has given 
better results than “* pancake "* and no make-up is used above No. 25, 
Owing to the light make-up, blended modelling is used to prevent 
masking appearance and to break up colour into planes. For men, a 
beard cover must be used, otherwise the beard will reproduce as a blue 
shadow. No make-up is used on children. Three-colour make-up has 
not been a success, indeed standard black-and-white make-up in lighter 
values has been found more suitable. 

‘White shirts, towels and bedding should be dyed a buff, otherwise the 
whites will be too “* cold.” 

Fluorescent cloth has been successfully employed to obtain a colour 
of high saturation. 

Very complete preliminary tests should be made to determine the 
precise reproduction (in advance) of all the principal costumes and 
furniture and interior decoration. 


7. Single Frame Multiple Image 

It does not appear that the technicians responsible for the develop- 
ment of three-colour subtractive processes such as Technicolor, Cine~ 
color (in its three-colour form), Dufayehrome, have been impressed with 
the possibilities of optical systems capable of providing two, three or 
more separation negatives within the area of a single frame, Before the 
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demise of Gasparcolor in England owing to the outbreak of war in 1939, 
the writer bad proved that this method should by no means be despised. 
If designers of beam-splitting prism-lens units for additive processes had 
stopped at the camera stage they would often have made a useful contri- 
bution. Generally, further refinement of the taking system never oceurs 
‘because the inevitable insolvency which overtakes these optimists puts. 
stop to further work. With fine grain negatives it should be possible to 
make dupe 35 mm. optical blow-ups of adequate quality. Needless to 
say, the negatives must be absolutely free from parallax, and positioning 
of axes must be constant. The method warrants further investigaion. It 
would be of great interest to examine the result of “* blowing-up"” 
‘Thomascolor, or Roux miniature negatives. 


8, Bipack 

Bipack is stil popular as a convenient way of recording. Its survival 
thas been due firstly to the inconveniences of a 35 mm. beam-splitter, 
secondly to its low production cost and to the low cost of two-colour 
prints, Toning of double-coated positive (coated on both sides of the 
film base) remains the cheapest of colour printing techniques, In America 
the predominance of Technicolor was bound to arouse competition, 
and so we saw the resurrection of Multicolor, in the form of Cinecotor, 
of Magnacolor,’ and of other ancient and respectable processing. 
procedures. In due course Technicolor replied with ** Technichrome,”” 
three-colour dye transfer from three matrices derived from the two 
bipack negatives. Other newoomers are Fulleolor and Trucolor. 

‘As has been stated in the ‘* Historical Summary,’* the bipack was 
suggested by the progenitor of all colour processes, Ducos du Hauron, 
in FP. 250,862, 1895, and by A. Gurtner, B.P. 7,924, 1903—the latter 
patenting the idea of combining two plates emulsions face to face, the 
plate nearer the objective to be coated with a slow silver chloride, or 
chlorobromide, emulsion unsensitized, and the emulsion surface coated 
with a red-orange filter, the rear plate being coated with a red-orange 
sensitive emulsion, Other bipacks followed. G, Battistini patented the 
atrangement of bipack and single film in two gates at right angles to give 
three-colour negatives, B.P. 873, 1913, W. Buchanan-Taylor and others 
patented a similar arrangement in B.P. 12,469, 1914. This camera 
emboiied a semi-transparent mirror to reflect the light to gate By 
accommodating a bipack. A. Hamburger and W. E. L. Day in B.P. 
136,595, 1918, patented the same “ semi-dialyte "” type of camera. 

The bipack had the green sensitive clement in the back and the 
front unsensitized emulsion presumably was. surface-coated with 
minus-bluefilter. In the second gate a panchromatic emulsion was used 
in conjunction with a red filter. Hamburger never used this arrangement 
because he never perfected a three-colour process. 

+ Sill worked today at the Hollywood laboratories of Consolidated Film Industries, 
but being rapidly supplanted by Teucolor, produced by the same firm, Ff 
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P. D. Brewster was one of the earliest workers to use a bipack for 
two-colour recording, B.P. 2,465, 1915, and he was one of the first, if 
not the first, o use registering pins in cameras and projectors, U.S.P. 
1,359,024, 1920, 

For a number of years the Du Pont bipack, known as“ Dupac,"" was 
the material generally favoured. It is not listed as a regular product of 








Direction oF 
Incident Light 


Feo. 63, 


‘Du Pont any more, and the film generally used today is Eastman Type 
1234, a red dye overcoated orthochromatic negative material of medium 
speed. Colour sensitivity and contrast is balanced to daylight. This is 
used as the front film in combination with Bipack Panchromatic Type 
1235. Type 1236 is an alternative front element balanced for tungsten 
illumination at 3,200° K. to 3,400" K. 
* Seealso W, V. D, Kelley, p. 138, 
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Modification of normal cameras to accommodate bipack has been 
studied by the leading camera manufacturers. In-general this involves 
special magazine design, adequate pressure pads in the gate to ensure 
contact, and re-calibration of the normal focus. 

Bipack can be made to yield three-colour separations provided a 
beam-splitter is used which gives two sub-standard images within the 
area of a single frame, as in the systems of Roux (French), Cinecolor 
(British), and others. L. W. Oliver, H. D. Murray and D. A. Spencer 
described in B.P, 363,000 such a method. The pairs of images are 
exposed through yellow and magenta filters, Other alternative com- 
binations are described (Figs. 62, 63). 

In B.P. 395,124 Agfa described a lenticular bipack from which thrée- 
colour separations could be made. The front film was 8 normal 
fenticular embossed base coated with an orthochromatic emulsion. 
The rear film is costed, as in standard bipack, with a panchromatic 
emulsion. The emulsion of the front film is coated with the usual red- 
‘range filler. The front film is caused to record two colours by means of 
44 banded filter in front of the camera tens. The band is divided into 
three sections, magenta in the middle, and yellow on either side, Thus 
red is transmitted by both filters. ‘The front film will bear a record in 
parallel bands of green and blue light. The rear film bears a continuous 
image which is a record of red light only, The films are reversal devel- 
‘oped, or developed as normal negatives if desired. To print from either 
the green or blue record separately it is necessary to use coloured light, 
ising » banded filler in the same position as when the picture was 
exposed, The printing is generally done on a panchromatic material 
using a registration pin contact step-by-step printer. For illumination 
4 small source must be used, the filament being at right angles to the 
filter bands, and therefore horizontal, By temporarily blocking out 
one or other band of the filter one record at « time can be separated. 
The dimensions recommended for the filter bands vary for different 
objectives; The following is an example, as for daylight:— 


Astro F/1-8—S0 mm. Tyre Il 
Yellow Magenta 


Filter. Filter. 
Height of Band 10mm, 3 mm, 
‘With of Band am, 7 mim. 


For printing from negatives taken with the above lens: 
Height of Bands 25 mm. 
Width of Bands 12. mm. 
Excellent sepanition can bé obtained but the loss of resolving powers 
excessive, 
In BP, 449,591, the writer and T. S. Wilding patented a bipack 
Which is well worth further trial. The object is to improve the definition 
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‘of two-colour prints by designing a bipack in which the front element is 
the cyan printer. The front element is sensitive to red and blue only, & 
‘well recognized type of sensitizing. used today for the rear layer of 
integral tripacks. The rear element is a high-speed orthochromatic 
emulsion. Using a minus blue taking filter we obtain a record of red- 
‘orange on the front negative and a record of green on the rear negative, 
‘The cyan printer being the front negative this image will have maximum 
sharpness, and the improvement in the final print is markedly superior 
to that yielded by the classical bipack with eyan printer at the rear. 
‘Obviously this bipack can be used in a beam-splitter, giving two images 
and using. say, magenta and yellow filters, we’ shall get four printers 
from one pair of negatives, the cyan printer from the front negative and 
the magenta printer from the rear; and from the other pair, a yellow 


| Yellow Filter 
a 


feb ‘rues rsisl= Taba coe 
rend _Ghetatietant surly ei 








Emulsion Inuensi- Green record This eegion ig cut 
five fo this band ‘ut by the filter 


Fic. 64 —Bipack (Cornwell-Clyne). 


printer from the front clement and a second magenta printer from the 
rear clement, The latter is an extra record which will not be used 
(Fig. 64). 


9, Lenticular Film 

fn the 1939 edition of this book the author wrote, * Indeed, it is 
very likely that nothing serious will ever come of it,"" Ten years have 
pasted and there is yet no cause to alter this opinion. The French are 
Still enamoured of the idea, and optical printing systems appear in the 
patent literature now and then, but the flood hs passed and thereis only 
a trickle of effort eft! When (his vein of ore was opened by the French- 
‘man, R. Berthoa, in 1909, it looked like a new Klondike, but nothing is 
left now but a disused shaft or two and the debris of innumerable 
patent files, The history of this elegant notion is one of the minor 
tragedies of colour photography and marks one more failure of the 
optical designers in their contact with chemists for an ideal solution. 

"Eastman have begun experimenal work again, in Rochester, with ibe apparent 
Rodin! ofeyieying Mclaren ec tis prepesos poate Seles 
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‘A full description will be found elsewhere of how lenticalar film works, 
No material is today commercially available. The stereoscopic poss 
bilities of cylindrically embossed film so often commended are iittle 
more exciting than those of colour photograp! 
"The method failed owing to extreme difficulties of printing and to 
the presence of parallax fringing in the negative, especially when wide 
aperture lenses are used of focus longer than 50 mm. In projection, light 
{oss is as great as in any other additive system. The projection lens and 
banded filter require high precision optics and mechanical mounting, 
Unless there is some basic change in the nature of the photographic 
response of sensitive materials used at present in photography there is 
unlikely to be any further improvement as regards the limitations of the 

















4000 
Fio, 65.—Photographically similar, different colours (Bull, Oliver, and 
y geccally 


colour recording in the three-colour process. These limitations have 
to be taken into account. This aspect of the three-colour process has 
been exhaustively treated in a paper by A. J. Bull, L. W. Oliver, and 
D. A. Spencer, from which the following extract is given [1]: 


“There are certain questions in subtractive colour photography which can only be 
answered by experiment with & process giving controllable and predictable results 
‘Opinions on these questions appear from time to time, but these are usually based 
‘upon personal experience with processes largely subject to personal error, 

‘Owing to the failure of the reciprocity law {2} iti impossible to tragslate tight 
intensity into equivalent opacity forall densities jn. the negative, and, therefore, it 
is impossible 10 rmake use of colour filters whose transmissions agree with the 
‘olour mixture curves. Accordingly, for reasons which have been clearly stated (3) 
{tis modem practice to divide the spectrum into five distinct resions by means of 
three slightly overlapping, sharp-culting filters. This compromise, the only workable 
{stem to far evolved, imposes inherent limitations upon the truthfulness of colour 
Fendeting obuinuble. Assume that the negative, positive, and printing, surface 
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allt have stmightline characteristics (In other worus, that every givets mondehrome 
tint fn the original will be reproduced as the same tint in the reproduction), it can 
‘sauily be shown that three-colour photography as at present practised is not capable 
‘of reproducing every colour exactly a5 it appears in the original. Consider, for 
‘example, the case of two colours represented by the transmission curves shown in 
Fig. 65 when photographed through normal trisolour ters. 13s obvious that they 
Will not appear visually identical, and yet since they both have the same photographic 
‘energy distribution through the red ind blue filters, the reproduced colour will be 
eatical. Diftculties of this sort are usually dismissed by stating that colours sith 
such transmissions are rare outside the laborwiory. Our own experience in this 
Fespect has, perhaps, been unfortunate. We have oxcasionally met with fabrics whose 
solour is dependent upon natrow-banded, sharp-cut absorptions and rellections. 
‘The magenta colour found in such flowers as cineraria is a typical example. 


Red 


Viva rio 





Wedge Slaps 


Fra, 66. 


In an ideal set of separation negatives the yarying Intensities of the primary 
colours would he converted into equivalent opacities, Owing, however, to the 
{rilure of the reciprocity law, this equivalence Is only pouible over a linifed range 
of densities. This fact, of litle importance in. monochrome pictorial photogsaphy, 
‘has definite signiticance in colout work. ‘Thus a magenta, for evarople, may consist 
of a considerable amount of red (recording, therefore, on the stmightline postion of 
the plats curve) and a amall amount of blue (recon on the under-exposure porting), 
and the record is therefore not a strictly proportional one. Dificalties sich as these 





truthful colour rendering. 

‘The diagram (Fig. 66) shows the curves of a tricolour separation sot of a neutral 
‘wedge in which no attempt tus been maide to brn the contrast of the negatives into 
Hine by wiving the blue filer negative additional development, 

Ita print i made by siving equal exposures through each of the three negatives, 
‘oaly ut step X, where the curves cross, will a neutral grey be obtained, the darker 

‘and the lighter ones purple. If the exposare is adjusied to make 
‘the heaviest density block, the purple colour of tho lighter steps will be accentuated, 
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5. POSITIVE REPRODUCTION IN ADDITIVE OR 
SUBTRACTIVE PRIMARIES 

(@) Additive Synthesis 

Referring once again to analysis—knowing the spectral transmissions 
of a set of chosen synthesis primaries R. G. B. (for example, Wratten 
Additive Primary Filters Nos. 24, 59 and 47) by the use of the dist 
bution curves (Figs. 55, SSA) of the standard observer (in the C.LE. 
system of trichromatic colorimetry) it is possible to. plot R. G. B. in 
terms of the co-ordinates X Y Z of the C.LE. chromaticity diagram 
(Colour triangle) and measure the total range of colours which can be 
Yielded by this particular set of R. G. B. primaries (Fig. 67). The choice 
of synthesis primaries R, G. B. is dictated by convenience. They must 
not be too dark and they must include the largest possible gamut of 
colour mixture.’ It is to be noted that the original spectrum mixture 
data upon which the C.LE. data is founded was determined by the use 
of three selected monochromatic spectral components, These are called 
reference stimuli, By linear transformation equations we can express 
this same data in terms of the distribution curves of any other set of 
reference stimuli, real or imaginary. Thus XY Z are imaginary stimuli 
calculated so as to yield more data than hue and saturation only. 
(See C.LE. System,) We refer here to these fits to make it clear that 
many sets of R. G. B. are possible. It is highly desirable that the 
range between R. and G. should be as near as possible to the locus of 
the spectrum, otherwise the mixtures of these two would not yield 
saturated red, orange, yellow and yellow-green. On the other hand 
blue-greens are rarely met with in nature and it is less important that 
the range between G. and B. should fie close to the spectrum Toous. 
It is clearly impossible, owing to the curvature of the locus, for any 


4 In mosaic processes the taking filters und the viewing or reproduction Bters are 
the same, choice js therefore a matter of compromise. The best set would have 
transmission Iving between the best possible taking und viewing filters, if these 
‘Were separiic (Fig. 56A). In the Dufaycolor process the spectral transmissions of 
the néseau primaties are shown in Fig, 68 and the chromaticity range in Fig. 69. 


147 








COLOUR CINEMATOGRAPHY 


three points to be chosen which will contain all the spectrum colours, 
and the distribution curyes of any real primaries must show negative 
values. Any colours lying outside the triangle R. G. B. obviously 
cannot be reproduced. (See, however, the possibilities of “masking. 

‘The analysis filters, as we have already learned in Section 3 (Tri- 
chromatic Analysis), must be such that the product of their spectral 
transmissions and the spectral sensitivity of an emulsion, or alternatively 
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67-—Syntbests primaries tet by We 24, 59,47, 
Fh, 67-—Sytei pias rep by Wratn les 24, 59,47, plotted on 





the emulsion sensitivities alone in integral tripack separations (known as 
effective. spectral sensitivity) is such that the resulting curves would 
have been obtained from actual colour matching experiments using the 
R.G. B. synthesis primaries for matching stimali (Figs, 56-58). When 
R. G. B. of the synthesis have been chosen, the sensitivity requirements 
of the rest of the process can be caloulated by the methods of standard 
colorimetty.* (CLE, System) (1) (2). 
* Seep. 12 
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Fic, 67A.—Mixture curves of Wratten filters 24, $9, 47. (Cowirtesy of Dufay 
‘Chromex Lil.) 
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Fig, 68—Typical spectral transmission curves for Dufay Réseau flat colours. 


‘The writer must be excused for calling attention to the fact that his 
treatment of the analysis problem in the 1939 edition of this work 
anticipated the subsequent mathematical presentation in the hands of 
MacAdam, Hardy and others. The passage will be quoted because it 
was one of the earliest statements of the true nature of trichromatic 
photography:— 
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~The spectrum can thus be divided into three slightly overlapping 
and graduated, or * vignetted* wavelength groups, the integrated 
stimuli of which will give three sensations closely approximating the 
sensations stimulated by chosen monochromatic wavelengths of red, 
green and blue. Thus the colour sensations which can be obtained 
‘with different proportions of these three will be contained in the 
o-9 
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‘Fic, ©.—Dufay Réseau Primaries plotted on the Chromaticity Diagram, 


triangle bounded by the position of the particular primaries chosen, 
The choice of primaries should be made for the same consilerations 
Which guide the choice in the eate of a trichromatic colorimeter, 
Namely, itis desirable to reduce as much as possible the region of the 
colour field which lies outside the working triangle (see Guild 10), 
Guild's primaries were provided by Wratten filters (3): 
With CLE Wluminant A Excitation 
menchine vcore Ya oo” 
SiMe 7 
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* ‘The position of Guild’s and Bull’s primaries (4) is shown on the 
colour trisngle, Fig. 70. There is very little difference, (Bull chose 
640 Mu, $37 Mu and 44 Mu.) 

"Bach of the three photographic records of the three chosen 
Wavelength groups will record an integrated density representing the 
measure of the degree to which the original light can stimulate 
colour sensation corresponding strictly to that which is stimulated 
by the wavelength group transmitted by that filter. We have seen 
that these filter sensations nearly match the sensation received from 
monochromatic light. Consequently such filters are satisfuctory 
analysers of primary stimulus value in any Tight, in spite of their 
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Fic. 70,—Full fine interior triangle 3s Bull's primaries. Dotted tine repre= 
fente Guil's primaricn 


‘non-monochromutic transmissions. This statement is a fundamental 
definition of the theoretical basis of three-colour photography. 

“Tf now we transform these densities into transparencies and 
inate them with light filtered into wavelength groups capable 
of stimulating identical sensations to monochromatic light of wave~ 
length, say, 630 Mu, 537 Mu, 450 Mu, we reconstitute the original 
sensation, depending upon the three densities recorded in a given 
instance, 

* Considered thus the three-colour process is a species of analytical 
trichromatic colorimeter using photographic registration of tri- 
chromatic values as densities, transforming these into transparencies 
and reconstituting the original colour by addition of primary coloured 
lights the values of which ate modified by the variable densities in the 
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transparency. This is the* additive * synthesis. Equally well we may 
tse primaries of minus value to reconstitute the original. This is the 
* subtractive" process."” 


If not rigorously sound, this was singularly near to being an accurate 
presentation of the problem. 

But to continue—if for additive synthesis primaries we had at our 
disposal three monochromatic radiations of wavelengths 650 Mu, 
530 Mu and 460 Mu respectively, then the spectral sensitivities of three 
photographic emulsions whose recorded densities were to control the 
proportions of the above stimuli such as to comprise all chromaticities, 
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Fig. Th—Mean coefficient curves from result of 10 observers (W. D, Wright), 


would have to be identical to the distribution curves of the reference 
stimuli R. G. B. of Wright's original trichromatic mixture data 
Fig, 7). 

For correct reproduction therefore the effective spectral sensitivities 
of the emulsions or flter-emulsions should match the distribution curves 
of the chosen synthesis primaries and the three processes must each 
have a straight line" response with a gamma of unity, Since the 
distribution curves of any real primaries have negative portions and 
emulsions have not been made with negative responses, masking to 
‘cancel these lias to be resorted to, ‘The methods will later be dealt with. 
According to Wright, typical errors which may arise are these: 

(1) Errors caused by neglecting the negative parts of the sensitivity 
Surves, using instead all-positive curves that are linear transformations 
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from the C.LE. system, but are as similar us possible to the positive 
portions of the ideal sensitivity curves, For true reproduction with 
emulsions having all-positive spectral sensitivity curves, reproduction 
primaries lying outside the spectrum locus would be required; instead, 
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Fig, 72—{a) Distribution curves for the equal-cnecay spectrum in terms of Aue Ax 

snd A, as primaries. () Energy dlsibulon carve of ligt radiated by objet being 

photographed, (c) Drstribution curves for energy disribation shown in curve (P) 
‘bjained by multiplying (2) and (2) together (W. D. Wrighd. 





‘Ac, Ayand As, say, are used (Fig. 72). The primary most in error would 
be the green, Az, and colours containing any green would suffer a 
change in hue. All colours would be too desaturated, and the general 
trend would be as illustrated qualitatively by Fig. 73. 

(2)"" Errors caused by neglecting the negative parts of the sensitivity 
‘curves, using instead curves that follow as closely as possible the positive 
Portions of the ideal sensitivity curves, without being linear. trans- 
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formations from the C.1.E. system. The main negative area belongs to 
the red primary and occurs in the blue-green part of the spectrum. 
Colours which radiate energy in this part of the spectrum will therefore 
be reproduced with too large a red component. The error trend is 
illusteated in Fig. 74, and corresponds mainly to a loss of saturation. 
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Fis, 75.—Direction off errors caaied by (a) using a pars pester than one and 
1) using gamma less than one (W. D, Wright) 


(@) “Errors caused by using sensitivity curves that are grossly 
different from the ideal curves, but still, of course, using Ai, Aw, Ax as 
the reproduction primaries. It is impossible to deducs any general law 
in this case since the errors will depend entirely on the way in which the 
sensitivity curves depart from the correct curves, In any particular case 
the effect can be deduced by subtracting the theoretically correct curves 
from the actual curves; if « positive red area is left in the middle of the 
spectrum, greens and blue-greens will be too desaturated, and so on. 
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Fro. 76—Machdam’s sensiviy’ cures for the eaiulation of reproduc 
simples plotted in Fig 77 ae 





Fis, 77.—Calculated reproduction of 12 fairly bright 
(D. MacAdam, Journ. Op Soe. des 28 Sa sane APIS 
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(4) Errors caused by using 8 gamma different from unity, If the 
gamma is greater than one, colours in which one primary tends to pre~ 
dominate over the others will be reproduced with the excess of that 
primary still further exaggerated. Colours will therefore change in hue 
and also become more saturated, in the sense indicated in Fig. 75. With 
‘4 gamma less than one, the colours will change in the reverse direction 
and become more desaturated, as shown in Fig, 75A. (MacAdam (8) 
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Fig, 78, 


ives quantitative results for the effect of a change of gamma, and for 
certain of the other errors just described, Figs. 76, 77, 78.) 

(5)'* Errors caused by using the non-linear part of the characteristic 
curye. When the exposure extends to either the toe or shoulder of the 
‘characteristic curve, the effect is similar in trend to that of gamma less 
than unity, the colours becoming strongly desaturated, 

Tt is at once apparent that adjustment of the contrast of the photo- 
graph in order to produce some special effect is likely to be difficult if 
distortion of the colour rendering is to be avoided. Special methods 
mist be adopted, such as the addition of a black and white emulsion 
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superimposed over the three colour components. The contrast of this 
extra layer can then be controlled to give any desired gamma to the 
overall picture, at a cost, of course, of loss of light and additional 
{echnical complications.”* 

More by accident than by design the spectral transmission of filters 
(generally dyed gelatine) which have been used for colour photography 
from early times have exhibited a vignetted or trailing-off character 
instead of the sharp cut ** water-tight compartment " form which the 
carly workers supposed desirable (Fig. 69). Now these sloping, some- 
What overlapping, curves when used in conjunction with the type of 
spectral sensitivity we can impart to an emulsion yield effective spectral 
sensitivities closely approximating the form of the distribution curves 
‘of the reproduction primaries, which is what is required. (See Table 25 
for the transmissions of Wratten Tricolour Filters.) 

‘Te colorimetric specication of Wraten Fillers25, 8 and 47 is as 
Tollows:— 
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‘The spectral transmission curves for this Wratten Tricolour set of 
filters are given in Fig. 
is is why 





But in subtractive processes the failure is in the instrument we have 
to'play upon with our modulators. Since the so-called subtractive 
process is in effect an additive process it is right to think of each 
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subtractor in terms of the primary it is asked to absorb. If we plot on 
the C.LE, chromaticity chatt the primaries which are sbsorbed by 
typical subtractive dyes, we are horrified to find that they are located 
Well inside the triangle (Fig. $0). Hence the obtainable colours will be 
limited in range and saturated hues will be inferior to those obtainable 
by the additive synthesis, The distribution curves which would 
‘modulate such reproduction primaries so. as to equal the results of 
additive mixture of the reference primaries R. G. By of the CLE. 
system would resemble those in Fig. 58. After all, while we can alter 
the percentage of each absorber present on a given occasion We cannot 

159 


COLOUR CINEMATOGRAPHY 


alter its own nature. If we are given the ingredients for a salad dressing 
itis only possible to alter the proportions, 

i. An ideal instrument for tricolour synthesis by subtraction from 
white light would utilize three absorbers of variable density, 
cach having its maximum absorption strictly limited to one third 
of the spectrum, for which third the other two absorbers would 
have to be perfectly transparent (Fig. $1). Note that if the trans- 
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Fis. 19. 8 cutves of the standard We for 
Spectral absorption of ant Wratten tri-colour filters f 





missions were total of single wavelengths (viz., monochromatic), 
provided these were selected from the right regions, the instrument 
‘would’ still function satisfactorily, hut the synthesis would be 
impractically low in lightness. Such filters are, of course, purely 


imaginary. 
fi. As has already been stated, three analyses of the recording light, 
cach of which comprises wavelength by wavelength the spectral 
distribution of one of the reproduction primary stimuli, are used 
to modulate the densities of the three absorbers. One type of 
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analysis may be the product of the spectral transmission of 
filter and the spectral sensitivity of an emulsion (Fig. S6B), 


another may be an integral 
analysed by the spectral sensitivity of one or other of the emulsion 
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layers without a filter, In practice the analysis may be a separation 
negative in which silver densities represent quantities of a primary 
stimulus, or alternatively the developed silver may be an inter- 
mediate agent in the production of'a dye as in‘* colour coupling.” 
iii, The subtractive synthesis is inefficient owing to the non-existence 
of stable dyes which conform to the requirements, For example, 
there is always failure to absorb completely the region desired 
and to transmit completely the correct wavelength bands (Figs. 
82, 83, 84), Also decreasing densities of the dyes do not exhibit 
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Fro, dea trananiesion curve fetes yes in strive proces necesary 
for the process to operate exactly as if it were an additive system. (2) Minus 
By Minar bron dye (2) Mina Boe yen” Ms eS 


non-selective absorptions in the one-third region of the spectrum 
in whick absorption should alone occur. In general the result is a 
compromise which is surprisingly effective when we consider the 
defects in the system. 


Each ideal dye illustrated in Fig. 81 would controt independently one 
strip of areca leaiiaine the synthesized colour. The three 
‘sections of the 5 Would correspond respectively to three additive 
primaries S,, S, and S,, and the colour synthesized is due to sone 
additive mixture of these. Let us examine how actual dyes in subtractive 
‘mixture function additively, In Fig. 85 (from a paper by W. D, 
‘Wright) (2) the transmission curves of three dyes typical of commercial 
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processes are shown, Assume an incident beam of uniform spectral 
distribution of energy passes in turn through the dyes A, B and C. 
Without referring to the mathematical procedure suffice it to say that 
the energy distribution for the light transmitted by A, B and C can be 
derived (see Fig. 85), Its colour will be found by multiplying: set of 
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Fo, 82—Spectral reflection characteristics of magenta colours of various 


distribution curves by curve D. The distribution curves might be the 
CLE. group or linear transformations of these, say of S,, S, and S, of 
Fig. 81, The product of curves D and E is shown in F, being the 
telative amounts of S,, S, and $, required to match the colour of the 
transmitted light, D. Unfortunately, # change of density of any one of 
the dyes affects the areas of alf three of the distribution curves and, ax 
Wright has shown, the extent to which the three sreas will be affected 

163 


COLOUR CINEMATOGRAPHY 


‘by changes in the density of one of the subtractive primaries will vary 
according t0 the densities of the other to. 

The problem presents three aspects:— 

1, We must seek primaries S,, $, and S, yielding the minimum errors 
if their subtractive mixtures are described as additive. 
Determination of type of errors arising from defective primaries. 
Having calculated required effective sensitivities to control S,, S, 
and S, as additive synthesis primaries, allowance must be made for 
imperfect curves and processing conditions. 
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Fig, 43.—Spectra reilection charscterstis of yellow colours of various manufacture. 


Wright pointed out (2) that * each of the absorption curves A, Band. 
€ have a point of maximum absorption (minimum transmission) at 
8 certain part of the spectrum.”” Designate the mean positions of these 
‘absorption maxima by A,, Asand A,.. Each of the distribution curves has 
A maximum, Assume that these maxims also occur at or near to )y, Ay 
and Ay, It follows that the areas of the distribution curves in the 
tet 
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neighbourhood of these wavelengths will do most to control the amounts 
of S,, S, and S, in the final colour, At first sight it looks as if the best 
‘way of separating the actions of the three dyes would be to describe this 
mixture in terms of three additive primaries S,, S, and S,, selected to 
provide-a set of distribution curves whose maxima coincided in wave 
length with the absorption maxima of the synthesis dyes. Unfortunately 
the distribution curves cannot be adjusted 30 as to make this method 


work, 
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Fic, 84.—Spectral refiection charactetistics of blue-green colours of various 
rien 


‘Wright shows in Fig. 86 distribution curves for three sets of reference 
primaries, which are linear transformations of the C.LE. curves (Fig. 35) 
using the following primaries:— 

() 0-46y, 0-530, 0-65). 
Q) 0-46, 0-530, 0611. 
GB) 0-46p, 0-55u, O61). 
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‘Note that in each set the maxima are approximately 0-45/1, 0-54 and 
O-6iys. It chances that dyes of this type are fairly common in sub- 
tractive processes and for these cases the colour mixing should be 
described in terms of these wavelengths. The blue curve in each case is 





Fo 
iz @) 


8 
5 





2 
Pos 
g 





weit 
5 


= oe OU 
Wavelength 


IIA 


cor cD ae 
? Wavelength 


é 








Distribution Values 
CApbitrany Units) 
& 





9 





(3) 











larbieoany Unita) 








Djagajbution valuns 





Fro, $6—Distribytion curves for three sete of reference, primaries, namely, 
Uho-deos psa Dee Oa OSes ObIe COGN, O55n, 061 (W.D. Wright, 


more ot less isolated and thus can be used in all cases as the best 
approximation for the equivalent additive primary. The red and green 
‘curves are impossible to separate owing to the invariable overlap in the 
yellow region, Wright says: 

* Assuming then that the minus red and minus green dyes both 
transmit an appreciable percentage of the yellow and that the wave- 
lengths of maximum absorption are at 4, and Ay, the colour rendering is 
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likely to be represented as an additive mixtare to the closest approxima~ 
tion if the hypothetical additive primaries are taken at wavelengths 
somewhere between 0-61) and 2, for the red, and between 0-54 and Ay 
for the green. The precise position is not likely to be of special impor- 
tance and » value midway between the limits is the most obvious 
choice. The three primaries in the subtractive process that should be 
used to describe the colour reproduction in terms of additive mixture 
are therefore monochromatic radiations with wavelengths 40,-+-0-61/) 
Red, {(As-+0-54u) Green, and 0-45, Blue, (Some adjustment of these 
values might be called for if it were known that the photographs were to 
be illuminated with a light source having an energy distribution very 
different from that of an equal-energy spectrum.) Using these primaries 
the ideal spectral sensitivity curves for the negative emulsions can be 














ore Lary 
Fis. 87-—Colour trianle in terms of S,, $5 and S,. Arrows show direction of errors 


‘cuted ‘by the fact that subtractive mixture does not behave exactly as additive 
‘mixture (W.D, Wright), 


calculated and the error trends due to departure from the ideal curves 
can be determined,"” 

The subtractive process is not as effective us the additive because 
the difference between the ideal curves of Fig. $1 and the practical 
‘curves of Fig. 85 signifies that’* when the density of filter B, say, is such 
that the light at wavelength 2, is effectively eliminated there is still 
transmitted a significant amount of light in the yellow and the blue- 
green, Similar tendencies will be shown by filters A and C. Reds will 
therefore tend {0 be reproduced as too orange, greens as too yellow- 
green, and so on; there will also be some tendency for the colours to 
become desaturated. ‘The error trend is therefore of the type shown in 
Fig. 87, The magnitude of the error will vary with the density of the 
dye, becoming relatively smaller as the density increases, Any material 
departure of the transmission curves from the type of curve shown in 
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Fig. 85 can only be treated as a special case and the effect on the quality 
of reproduction analysed accordingly.”* 

Figs. 73, 74, 75 and 85 all show errors directed inwards into the 
triangle, not necessarily towards the centre. Masking reverses this 
se and the use of sensitivity curves greatly different from any 

ible transformation of the C.1-E_ curves could be made to reverse 
this difetion in certain parts ofthe colour triangle, 





‘Taste 26.—IdeAL RECTANGULAR PRIMARIES 
(CLARKSON AND. VICKERSTAPF) 
(a) Primaries: 400-470 My, 470-600 My, 600-700 Mui 
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TARLE 27.—SLOPING-SIDED PRIMARIES 
(CLARKSON AND VICKERSTAFF) 


Steep Slope (see Fig. 898) 
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‘TABLE 28.—DeNsiry IN TRANSMITTING REGIONS (IDEAL RECTANGULAR 
PRIMARIES) 


‘Complete transmission (see Fig. 91A) 
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Unwanted Density 0-2 (see Fig. 91B) 
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‘As far ag lightness reproduction is concerned, Wright has pointed 
out that this must obviously be governed by the shape of the charac- 
teristic curve of the overall process as in black-and-white photography. 
Correct rendering of lightness values will depend upon the degree to 
Which the negative sensitivities approximate to the ideal curves. In 
those parts of the spectrum where the ordinates are higher than they 
should be, the lightness will be too high and vice versa. ‘This is par- 
ticularly so in the subtractive process owing to its inability to equal the 
additive process in the independence of control of its primaries. It 
can be seen that any absorption overlap would tend to reproduce that 
part of the spectrum with too low a lightness, and failure of the 
absorption bands to mect would give too high a lightness value in that 
part of the spectrum. Wright states that the error will be of a similar 
type in the case of actual as compared to ideal absorption curves, but 
‘will naturally be modified by the more gradual slope of the absorption 
curves and will also vary to some extent according {0 the densities of 

the dyes. 
‘Clarkson and Vickerstaff (6) examined the possible gamut of colour 
reproducible by hypothetical subtractive synthesis primaries and by the 
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primaries of Technicolor and Kodachrome. Comparisons were made of 
the merit of three sets of imaginary primaries consisting of spectral 
divisions into three rectangular and contiguous ideal absorptions. 
The cuts were at (a) 470 My, 600 Myr; (b) 490 Mj, $80 Mye; (e) 510 Mye, 
360 Mu. A maximum optical density of 20 was assigned to the stan 
dard strength of the primary dyes. Absorption curves at four different 
strengths having densities in the absorbing regions of 2-0, 1-0, 0-5 and 
0:25 were converted to transmission curves, and then by the weighted 
ordinate method into chromaticity co-ordinates in Muminant A. By 
plotting x and y separately against the lightness, curves were constructed 
from which the chromaticities at lightness levels of 80, 40, 20 and 10% 






KS = 


Fra, 68.—Hypothelical rectangular primaries (Clarkson ind Vickerstaff), 


could be plotted (Table 26, Fig. 88). Set (c) is preferred and it is noted 
that this set is in agreement with conclusions of previous workers, 

Real dyes differ from the idea! in having (1) sloping absorptions and 
@) absorption in the wavelength range requiring 1o be completely trans- 
mitted. The relative importance of these two effects was assesced first 
by comparing the triplets shown in Fig. 89 with the ideal, ‘The slopes 
Were adjusted to intermect at half the maximum density at 490 nad 
380 My, so that the total density of an equal mixture of the primaries 
Was constant across the specttum. ‘Treated: as before the results are 
shown in. Table 27 and Fig. $0. It is apparent that at low lightness 
levels the vignetted primaries control an trea in excess of the vertical 
‘sided primaries. This is due to the fact that the purity of a green, say, 
Eannot exceed the colour represented by the complete wavebard 
480-380 My, while a green of approaching 100% purity results from 
high concentrations of yellow and cyan at, say, S35 My, At higher 
m 
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lightnesses of 40%, sloping primaries (0) were inferior but primaries 
(b) still have the advantage. At $0% the differences are negligible. 
Wéight has pointed out that with sloping sides to the curves and over- 
lapping, a change of concentration in one dye would be apparent in a 
part of the spectrum where it should not be. The significance of the 
second characteristic of real dyes (namely, unwanted absorptions) is 
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Fra. 49.—Sloping-sided rectangular primaries (Clarkson and Vickerstafl), 


next.considered, In Fig. 91, since dyes are common with ideal trans- 
mission beyond $00 My, yellows are given as fully transmitting beyond 
$00 My. The cyan is assumed to have zero density between 400 and 
580 Myz, and a density of 2.0 from 580-700 My, and is compared with 
others having densities of 0:2 und 0-4 in the 400-580 Mp region. Again, 
With the magenta it is assumed that itis completely transparent to wave- 
Jengths higher than S80 My. Table 28 and Fig. 92 give the results. 
‘The chromatic area shrinks at all lightness levels as the unwanted density 
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increases. The conclusions are that ** primaries dyes for a subtractive 
Process should have absorption bands covering approximately the 
ranges 400-450 My, 450-580 My, and 580-700 My. The absence of 
absorption in transmitting regions is more important than steep sides 
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to the absorption bands, and should. provide one of the main criter 
in the selection of dyes for colour photography, Keene 

The behaviour of Kodachrome was examined. Reproduction of real 
Colours was measured. Noting that Friedman's curves (7) for the 
Kodachrome primaries show n background density of about 02, this 
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value was subtracted from all three curves at every wavelength. The 
‘curves: were then multiplied by a factor sufficient to give a maximum 
density of 2.0, and from these basic curves, density curves at full, half, 





Fis, 93.—Kodacheome primaries (Clarkson and Vickerstaif), 


quarter and one-eighth strength of the three primaries and. their 
binary mixtures were constructed and, as before, converted via the 
transmission curves to chromaticity co-ordinates. The. results, at 
different lightness levels are given in Table 29 and Fig: 93. 
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‘Taste 29.—{CtARKsoN AND VicKERSTAFF) 
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The diagram also contains points representing reproduced colouts of 
high saturation dyeings of ‘materials, The area covered by ideal 
Primaries is also shown and the small volume of the colour solid 
Kodachrome covers relative to ideal primaries will be observed, 
Maximum defects are at high lightness levels, 


























Fis. 34-—Chromaticity Errors, Kodachrome “A (Clarkson and Vickerstaif) 


Clarkson and VickerstafT have drawn altention to the fact that the 
Kodachrome primaries approach most closely to the idea! primaries in 
the cyan, magenta and yellow regions, because in these regions only 
‘one dye is involved. When two dyes are present together to give ree, 
green or blue colours, the densities ofeach dye in nominally transmitting 
egions add together and produce serious degradation. In confirmation 
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woollen patterns dyed in saturated colours and covering the spectrum 
Were photographed on Kodachrome A by an illuminant of 2,700" K. 
A neutral step wedge was included and a range of exposures made in 
each pattern. Table 30 gives the results and Fig, 94 the chromaticity 
errors. Reds and magentas become yellower, greens yellower, blues 
‘greener. Deep blues are greyer. As the authors point out, the reprodue- 
tion is minus blue and this is borne out by the character of the published 
curves of Kodachrome primaries. The purity is less for all colours 
and worst for blue, Except in one case, the reproduced lightness is 
lower in relation to white than in the original, but the ratio of the 
apparent lightnesses varies from pattern to pattern showing three 
minima at C, H and M, which are cyan, yellow and magenta in colour 
respectively, These colours have been reproduced by one of the sub- 
tractives only and as there is negligible absorption overlap the high 
lightness is explicable. 


Taste 30.—(CLARKSON AND VICKERSTAEF) 
Kodachrome Reproduction 
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Technicolor reproduction range has been calculated by the same 
workers (see Table 31). 

Fig. 95 shows the chromaticity range of Technicolor and Kodachrome 
Primaries. and the position of some real dyed fabrics, Obviously 
‘Technicolor primaries have much the larger range and can. reproduce 
‘most of the patterns. In fact, they compare favourably with ideal 
Primaries, The diagram sets forth the advantages of imbibition dyes 
compared with the dyes so far obtainable by colour development. 
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Tante 31—TECHNICOLOR PRIMARIES (CLARKSON AND VICKERSTAFE) 
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Irrespective of practical colour processes Clarkson and Vickerstaff 
investigated how closely existing dyes approach the ideal. Dyes were 
‘Sought in which half the maximum density was reached at 490 and 580 
Mu respectively, with the steepest possible slope. They selected for 





Fio, 95—Technicoloe primaties (Clarkson and Vickerstaff), 


yellow, Metanil Yellow YK (C.1.138). For the magenta, an experimen- 
tal dye known as Experimental Minus Green. For cyan, Filter Blue 
Green, which bas splendid absorption in the far red, and high trans 
mission for green and blue. The absorptions are given in Fig. 96, The 
colour range of the best set is given in Table 32 and the range in Fig. 97. 

‘These dyes are superior to any stbtractives at present in use in any 
process and the authors from this take heart for the future of subtractive 
Drocesses in general, but there is good reason to doubt the walidity of 
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their conclusion that sloping-sided primaries are to be preferred on 
purely theoretical grounds to rectangular ideat primaries, since only 
‘with such primaries could there exist a finear relation between each of 
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Fig, 96—Absorption curves of some dyes (Clarkson and VickenstaiT). 





Fao, 97.—Real dye primaries (Clarkson and Vickerstal]). 


the emulsion responses and the concentration of minus dyes in the 

reproduction. 
‘A. Dresler (8), Hoermann and Schultze, Leiber and others, haye 
investigated the’ reproduction by Agfacolor negative-positive and 
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‘Tamie 32—MeTAN. YeLtow YK, Exrermentat Mincs Green, 
FILTER BLUE-GREEN (CLARKSON AND VICKERSTAFF) 
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reversal film of light filters, pigments, leaves and flowers. The reversal 
film gave slightly better reproduction than the negative-positive process. 
Coloured light sources as the subject show larger chromaticity distortion 
than pigments, due to the transmission curves of filters. displaying 
‘steeper absorptions and narrower cuts than the spectral reflections of 
the pigments. Faulty lightness reproduction is often serious. From a 
pictorial standpoint it is more important to achieve accuracy of the 
tonal scale (relative lightness) than to make any sacrifice of lightness 
‘accuracy to hue or saturation, in both of which considerable inaccuracy 
is tolerable without exciting the least attention from the vast majority 
of individuals who constitute the motion picture audience, 

A. Marriage (9) pointing out that the effective spectral sensitivities 
‘of taking materials in general do not conform to theoretical mixture 
curves for practical reasons, suggests that masking should preferably 
be such as to give an accurate reproduction of three selected colours in 
the original, one of which should be a non-selective neutral and set 
forth a method of calculating the required masking. He chooses for the 
three colours, a non-selective neutral flesh colour and grass green. He 
ultimately concludes that“ by using with the green filter negative two 
masks, one from each of the other two negatives, we can obtain a 
Feproduction nearly correct in hue, with the contrast increased {0 1-33 
and with grey added to those colours which had high absorption 
in the green.” The mathematically inclined reader is referred to the 
original paper for a pleasant afternoon's recreation. 

‘To sum up then, the law is that a primary subtractor must be a perfect 
transmitter (or reflector) of approximately two-thirds of the spectrum 
Tange, and that it must have preferably a sharp boundary to its selective 
absorption. We haye seen that this law is by no means to be kept with 
materials at our disposal and unless masking is resorted to the 
deficiencies are as follow: 
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Deficiencies 
Magentas Reflect (or transmit) the red region well, but insufficient 
of the blue; and their absorption of the green region is 
not complete. 

Yellows. Approximate reasdnably well to the requirements, but 
they do not completely absorb blue and violet of which 
10%, is often reflected (or transmitted), 

Cyans: ‘Are poor or very poor reflectors (or transmitters) of 
green, and inefficient for blue, Neither do they by any 
‘means entirely absorb the red region they are in theory 





required to do. 
Effects 
Reds} 
Oranges | Reproduce well. 
Yellows | 


Greens ‘Are rendered too dark; too brown; too desaturated. 

Blue-Greens Are rendered too dark, too blue; often purplish; too 
desaturated. 

Blues Are rendered too dark; 

Purples Brownish. 


100 purple; too desaturated. 





pf the estorion may be even arester in desaturated tones of these 
es. 
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(c) Printing Additive Films (Réseau or Mosaic Type) * 


From the earliest days of screen “plates” copying has been found 
to be a very tough problem. Before an additive process like Dufay 
color could be announced as a practicable process for motion pictures, 
the peculiar difficulties of copying had to be surmounted. 

Negative-positive processing of Dufaycolor film was first described 
by G. B, Harrison and D. A. Spencer in their paper delivered before 
the Royal Photographic Society in 1936, They first emphasize that in 
the past mosaic or screen processes in which the emulsion is coated 
direct on to the taking screen had required to be processed by reversal 
for the following reasons: 


1. If @ negative were first obtained it would be necessary to 
make prints, an operation of great difficulty for a variety of reasons, 

2. The cost of making one positive by the nogative-positive 
‘Process is greater than by direct reversal, though the cost of making 
4 number is the same. 

3. Copies by the negative-positive process have hitherto been 
inferior to copies by reversal from reversed originals, 


Previous attempts to make negative-positive prints had resulted in 
Prints so degraded as to be useless, Spencer (Plot. Journ., 1933, p. 19) 
had drawn attention to the effects of light scatter within the emulsion 
(or irradiation”), with the result that light which had passed through, 
Say, tho red elements of the réseau gave an eventual silver deposit 
extending beyond the red clement. In reversal this negative image is 
removed, and in so far as the spreading causes partial uncovering of 
the neighbouring screen elements the final colour will be desatumnted, 
This effect is worse in a reversal copy. Moreover, the spectral overlap 
of the elements increases the desaturation, Seatiered light, then, 
reduces saturation by reduction of density difference between adjacent 
elements. This effect would be equally present either in a reversal 
copy oF a negative-positive copy. 

It is here that the “* colour contrast effect " becomes: operative, 
Silver bromide solvents in the first developer of a reversal’ process 
have, amongst other properties, the following important function: 

The development processes occurting opposite two adjacent colour 
elements influence one another in such a Way that any inherent dene 
sity difference is exagucrated. This effect tends Wo reduce density 
differences, Over a considerable range of densities the colour contrast 
‘effect is greater than the scatter. But this effect is peculiar to the reversal 
Drocess and is not present if mosaic material is developed in a normal 
Seveloper. Ifa silver solvent such as ammonia is present in a negative 
developer, the resulting image is foggy and stained with silver. 

Clearly the ideal in a negative-positive screen process is that light 
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passing through a given colour element renders emulsion only immedi- 
ately underneath that element developable, Unsatisfactory solutions 
Of the problem were: 


1. The intensification of partially developed images to ensure 
that the image is built up mainly from the more fully exposed grains 
(most successful from the point of view of the result obtained). 

2, The division of processing into ten stages to permit of the 
removal of the surface image (poor). 

3. The use of low potential developers such as caustic hydro~ 
quinone. Many of the irradiated grains have received less than the 
threshold exposure, but the results, although vivid in colour, are 
too contrasty. 


Experiments were then carried out with active developers containing. 
sodium  thiosulphate—the *' simultaneous developer fixers ""—reason 
ing that, "in fixation, diffusion of fresh supplies of fixing agent Into 
the emulsion from the bulk of liquid is more important than is the ease 
‘with development—particularly when, as in caustic metol, the latter 
is extremely vigorous. One can, therefore, picture fixation as proceeding 
layer by layer through the film, the outermost layers, owing to thelr 
nearness to the bulk of the solution, fixing out first." 

Tn the race between development and fixation, therefore, it was 
hoped that the layers nearest the support would receive preferential 
development relative to those nearer the surface, Later it was thought 
that the thiosufphate functions as a retarder of surfuce develop- 
ment. 

Harrison and Spencer stated that the particular value of thiosulphate 
is believed to depend on the fact that whereas in relatively small 
concentrations it slows down development, in still smaller concentra 
tions it actually accelerates development, and, as a result, itis possible 
with a properly balanced developer to cause the majority of develop 
ment to take place in the depths of the emulsion. 

“Thiosulphate does not, apparently, give rise to the colour contrast 
effect to any detectable extent. Traces of soluble iodides or sulphides 
will also produce depth development. 

The optimum concentration of thiosulphate depends to some extent 
upon the emulsion coating weight. 

"The advantages of negative-positive processing of Dufaycolor are: 

1, Simplified processing. 
2 Control of contrast in both negative and positive by varying 
development time. 
3. Improvement in sound duc toz 
(a) Sound is printed direct from sound negative without 
intermediate positive: 
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(6) Positive. material is similar to normal. positive motion 
Picture film and therefore of relatively high gamma. 

4. The positive print is projected the normal way round, ob- 
Yiating refocusing of the picture, and the sound track need not 
be printed through the base. 

3, Absence of exaggerated colour. 

6 More accurate rendering of hue. 

7. Negative and positive emulsion resembling black-and-white 
practice, with more latitude in the negative, and greater maxivitim 
density in the positive, 

8. Greater tranquillity on the screen. 

9. The use of a standard processing machinery. 


Uni the successive reversal process the two stocks, master positive 








‘6S and exposure 
Tinge of over log. E=30. The printing material is similar in speed 
to normal positive and has a gamma of about 1-70, The overall gamma, 
of these materials is therefore about I-1 and the latitude fe the negative 
is sufficient for all normal outdoor and studio requirements, 
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6. PROJECTION LIGHT-SOURCE, 


‘he sereen illumination both as to quality and quantity. ‘So far recom- 
mendations have dealt only with luminance, 


Both low and high intensity carbon, are sources have been used with 
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becoming obsolete. The white light needed for modern coloured 
pictures can only be obtained from the high intensity carbon are. Two 
different forms of high intensity arcs are used with the two different 
types of optical systems. The original form of the high intensity carbon, 
are employed a plain rotating positive carbon with the negative electrode 
placed at an angle below the positive axis as shown in Fig. 25. This is 
Widely used with a condenser Ions optical system which picks up the 
radiation from the positive crater and foctises it on the film aperture in 
the projector. The other form of the high intensity arc employs a pair 
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of copper conted non-rotating carbons burned coaxially with their 
common axis coinciding with that of an elliptical reflector which 
foctses the light from the crater upon the film, In either case the image 
Df the positive crater is focused on the film aperture sind this in turn is 
focused on the projection screen by the projection lens. The light out- 
put on the projection screen with various typical projection systems and 
‘carbon combinations is shown in Table 33. 

The spectral energy distribution data for light at the centre of the 
Projection screen is shown in Fig. 98 for a low intensity system and two 
‘common high intensity combinations. 

‘The radiant energy intensity at the centre of the film aperture is 
given in Table 34 for several typical projection’ systems. Relative 
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mounts of energy in the various wavelength bands are also shown. 
‘The intensity ranges from 0-35 watts per sq. mm. for a low intensity 
are to more than 1 watt per sq. mm, for the most powerful high 
intensity are, The high intensity arcs have relatively twice as much of 
their total energy in the visible region as the. ow intensity are and are 
therefore cooler sources, 


Ideal Source 


So long as the spectrum is continuous it would be possible for the 
Processing laboratory to balance the three-colour printing in order 
to compensate for excess of blue or red in the projection light, as the 
case might be, But the laboratory is faced by the disappointing fuct 
that the picture is destined to be projected by a great diversity of 
lights. : 

Suppose that we take as our standard for laboratory control an 
illuminant approximating a Planckinn radiator at)a temperature of 
$300" K.. then we would probably be quite safe in the average theatre 
cauipped with high-intensity projection, but the projected picture 
would be lacking in blue when projected by low-intensity arcs. It is 
Probable that carbon manufacturers could make a carbon giving a 
Somewhat more even distribution of energy, but the present units are 
yery good indeed. A far 








can do to make it perfect. By means of apparatus of great complexity 
the symphony concertis radiated into space. But if it is 
by an indifferent receiver the last link in the chain may nullify all the 
efforts previously made—the hearer may receive only a dim idea, 
Siganed impression, of what the original sound was realy tke, 
Similarly, the Projection arc and the optical system of the rojector are 
‘an absolutely vital link ina technical chain. It is essemlal iat the 
Producer of the colour film should not have his colour distorted. 
‘indeed, just as essential as that the picture should be in focus, 

We have not spuce to enlarge upon the important factor of the 
Optical system used in the various makes of projector now in general 
‘se, Projection systems may be divided into three categories, 

1. Mirror ares (Fig. 99), 

2. Condensing lens. 

3. Mirror are and condensing tens combined, 
A. Rotating positive, 
B. Non-rotating (hand fed), 
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THE THEORETICAL BASIS 


Each of these types has its peculiarities. Maladjustment of mirror 
and arc, wrong choice of carbon combinations, incorrect focusing 
of the arc image on the gate, and other faults, can profoundly modify 
the distribution of light upon the sereen and the general colour balance. 
Most mirror arcs give an image on the screen which is concentrated 
in brightness in the centre and which falls off towards the edge. There 
are little data to go on, but there is probably considerable variation in the 
colour quality of the light in different parts of the screen. The distri- 
bution varies continually. The light may at one moment be blue 
violet white, and at the nest it may be greenish in its dominant hue. 

To sum up: 

1. The processing laboratory must have # standard white light 

for viewing the work, 

2. The projection illuminant for the colour film must be standardized. 


7, THE SCREEN REFLECTOR. THE REPRODUCTION PLANE 

There is little to be said about screens save that they should be white, 
whereas they are often very dirty, and sometimes yellowish.' The 
polar curve of the diffusely reflected light should be as evenly distributed 
‘as possible. Beaded screens or those giving semi-specular reflection are 
undesirable as being unfair to members of the audiences seated beyond 
the narrow maximum angle of reflection. 

‘The American Standards Association have adopted the following 
standard of screen luminance (see ASA.—Z22.39—1944). 

“© The brightness (luminance) at the centre of a screen for viewing 
35 mm. motion pictures shall be 10.73 ft. lamberts when the projector 
is running with no film in the gate." 


Colour of the Light on the Projection Screen 
As we haye observed, the carbon are is still by far the most usual 
source of light used for the projection of motion picture film, Recent 
developments by the British Thomson-Houston Company of compact 
source high-pressure mercury-cadmium vapour discharge lamps give 
promise of providing, perhaps before very long, an alternative possess- 
ing important advantages, and no doubt such sources will be used for 
theatre projection with as much success as they have attained for 
studio illumination. We have seen that the existing carbon ares are of 
‘two kinds, low intensity and high intensity. These two differ eon- 
siderably in their distribution of encrgy—enough to make a print 
colour-balanced for high intensity lack blue if projected with low 
* They frequently absorb 25 per cent ofthe focident light, and sometimes much 
more. 
189 


COLOUR CINEMATOGRAPHY 


intensity, and similarly a print balanced for low intensity will be much 
too blue and lacking in red if projected with high intensity. 

Chief points affecting the colour of the light on the projection 
screen, assuming no film in the gate, are: 

1. Type of are lamp—viz., low intensity or high intensity. 

2. Type of carbon—viz., emission spectra of the elements present in 
the core. 

3. Selective absorptance by the optical system. 

4, Selective absorptance by the screen, 

5. Adjustment of arc position relative to the optical system. 
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Interesting data were presented by M. R. Null, W. W. Lozier, and 
D. B. Joy, of the National Carbon Company, U.S.A. They measured 
the spectril eneray distribution of the light atthe centre ofthe projection 
soreen for a number of arc lamp and carbon combinations. It is known 
that the fifth factor in the above list i the chief eauise of lack of uniform. 
ity in both colour and brightness over the whole area of the screed, 
But for these measurements the carbon was maintained at the 
correct position. In Fig. 98 we have the spectral energy distribution 
‘over the visible range of radiation incident upon the projection sereen 
for three widely used types of arc tamp—viz., low-intensity * Suprex ** 
and true high intensity at 125 amperes, The three curves are adjusted 
for equal luminosity. It will be observed that the low-intensity lamp 
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exhibits marked maximum in the red region, whereas the high- 
intensity lamps have a relatively even distribution of energy with a 
slight preponderance in the green. Trichromatic co-ordinates have 
been plotted on the CLE. (1.C.L) chromatieity chart for a number of 
lamp and carbon combinations (Fig. 100). Table 35 gives the trichro- 
matic co-ordinates of the whole range of light-sources studied, Re- 
ferring the measurements to the locus of Planckian radiators, it is 
noted that the colour-temperature of the screen light for a low-intensity 
lamp is 3,870° K., while the high-intensity screen light ranges from 
5,020° K, to 5,620° K. Owing to the close correspondence of carbon 
ares to“* black body "' sources, colour-temperature is a good indication 
of spectral energy distribution. Fig. 98 shows the spectral energy dis- 
tribution of the low-intensity “* Suprex ** and condenser-type high- 
intensity screen light in comparison with spectral energy distribution 
Curves for bluck bodies at the same colour-temperature and same 
sandle-power. It will be seen that the spectral energy. distribution 
of the ‘screen light from the low-intensity lamp corresponds quite 
closely through the visible spectrum to that of a black body at the 
same colour-temperature, 

‘The authors of this paper say:** In Table 35 are shown also colour- 
temperatures obtained in the earlier measurements on the direct crater 
radiation from some of these arcs. This has been unaltered by trans- 
mission through any optical system, and comparison of these values 
‘with our values for the colourtemperature of the sorcen light gives 
interesting information on the changes of colour produced by the optical 
systems of the particular projection lamps used. With the low-intensity 
lamp and the condenser-type high-intensity lamp the colour-tempera- 
tures of the light on the screen show relatively small departure from 
that obtained on the bare sources, The low-intensity lamp shows a little 
higher colour-temperature for the light on the sereen compared to the 
bare source, and the condenser-type high-intensity lamp shows slightly 
lower colour-temperatures on the screen. With the 7-mm. and §-mm. 
* Suprex ' positive carbons the colour-iemperature of the bare source 
ranged from 5,800" K. to 6,400" K. ‘These light-sources show a colour. 
‘temperature through the optical system on the screen 400° K. to 900" K. 
lower than the bare sources."" 

The main conclusions to be derived from the data are first that there 
is.a very big difference between the distribution of energy of the low~ 
intensity arc and that of the high-intensity, large enough to wartant 
the statement that a colour print balanced for one cannot be satisfactory 
if projected by the other, and vice versa. In practice the Technicolor 
and Dufaycolor laboratories balance their prints for a high-intensity 
Projection illuminant and overlook the distortions which muct 
inevitably occur in theatres still equipped with low-intensity 
Jamps. 
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Fro, 103—Oscillograph’ Screen of Morganite Colour 
romparator. 





Fig. 104 —Ten-minute recond of Morganite Colour 
‘Comparator, 
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‘The effect of a stained or yellowish screen may be extremely marked 
jn selectively absorbing bluc light in the projected image and the loss 
cannot be properly appreciated without simultaneous comparison. 


‘An Indicating Colour Comparator 

D. M. Neale, of the Morgan Crucible Company Ltd,, hiss described 
fa very interesting apparatus for direct indication of small differences 
in the colour of the whites emitted by carbon arc lamps. Successive 
measurements of red, green, and blus content proved cumbersome 
and elaborate, Unstable light-sources meant that a variation of 5 per 
cent, in the light intensity during the taking of the readings would 
produce a corresponding error in the calculated colour. It became 
evident that some device was required which would fulfil the following 
requirements: 

(1) An indication of the colour should be given continuously, and 
it should be given upon a triangular colour chart; this would enable 
transient phenomena to be investigated. 

(2) The instrament should have the highest possible sensi 
in order that near-whites might be compared with precision. 

3) Changes in brightness should not affect the magnitude of the 
deflection for # given cotour, 

(4) The instrument should be stable in operation without requiring 
readjustment or * balancing up " for each reading. 

(5) It should be possible to compare different light-sources without 
having to move either 4 heavy instrument or the lamps themselves. 

These requirements are met in the colour comparator as follows 
(Fig. 101): 

(1) A cathode ray oscillograph enables the indication to be presented 
‘on a two-dimensional scale oF diagram where it is continuously visible. 

(2) Maximum sensitivity js obtained by comparing the differences 
in the proportions of red, blue, and greet light from the source. 

(8) An automatic gain contro! device is fitted in an electronic 
amplifier to compensate for brightness changes. 

(4) Stability is obtained by using an A.C, amplifier. 

(5) The measuring head of the instrument is small and portable, 
and is connected to the amplifier and oscillograph by several: yards 
of cable, 

The comparator head, which measures only 5 in, by Sin. by 61 in, 
contains a motor-driven drum shutier which revolves in front of 
three photocells mounted behind tricolour filters. These photocells 
deliver to the amplifier three small voltages. pulsating at about 70 
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cycles per second. Three separate amplifiers, each having @ max- 
imum gain of about 106 db. (250,000 ; 1), are mounted on the one 
chassis. Like the colour calculator, this comparator also operates 
on the “* equal green" principle already mentioned, and includes an 
automatic gain control whereby the gain of each amplifier is made 
inyersely proportional to the intensity of the incident green light, 
This enables brightness changes to be iguored over a uscful range: 
thus if the light intensity falls to half its original value, the scale 
of the colour chart on the oscillograph remains the same and is not 
reduced. A miter on the side of the chassis indicates whether the 
instrument is operating Within the range covered by the automatic 
compensation.: If the illumination is outside this range the com- 


Green 
Cyan 
Yellow 
Blue § 53 | |rfitee 
Orange 
Magenta 
Red 
Fag. 2 — Changs: of clout wit tae after adden ¢ fom 


reduction of curren 
150 amps, 10 135 amps, (high-intensity atc). (Courtesy of Morgan Crucible Co. ad) 


Parator head is moved to of from: the light-source until approximately 
the required level is obtained. It would be possible to provide virtually 
complete compensation for brightness changes but for the fact that 
the characteristics of the photo-ells used are linetr only within certain 
limits, 

Controls are provided on the chassis for making the centre of the 

colour chart represent any " near-white "liaht which is being investi- 
gated, and switches are also provided for calibration purposes and for 
halving the scale of the diagram when markedly different light-sources 
(e.g., * white flame” and" panchromatic ” carbons) are being com 
pared. 
‘Wiien the comparator is operating at maximum sensitivity each 
concentric triangle on the colour chart represents 5 per cent. colour 
saturation, zero saturation being at the ceutre of the diagram.  Fulle 
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scale deflection then represents about 20 per cent. saturation. Since 
the instrument is intended to be used as a colour comparator, as opposed 
to a colorimeter, it should be recognized that these precentages refer 
toa purely arbitrary scale which it has been found convenient to use 
in the laboratory. On this scate the standard ¥-I filter, used to correct 
a high-intensity are to match daylight, is indicated as 15-per cont, 
yellow. 

The new comparator has already. proved of great value in the 
examination of carbon arcs used for studio lighting. As an example 
of the type of information which may be obtained by this unusually 
flexible instrument may be quoted Fig. 102, in which are recorded the 
transient colour changes resulting from a sudden reduction by 10 
per cent, of the current in a high-intensity are, The immediate effect 
is n pronounced fall in total light and a considerable colour change. 
‘As the enter * burns in''” to the new shape required by the lower 
current, however, the light partially recovers and the colour almost 
completely returns to its original value, In the diagram it will be seen 
that in the first ten seconds the colour changes to about 17 per cent. 
lue-magenta and during the next two and a half minutes gradually 
Tecovers to a value of 3 per cent. magenta, 

‘This shows that if light of a constant colour is required on a studio 
set it is more important to obtain a steady line yoltage—even 10 per 
cent. below the optimum—than to maintain approximately the correct, 
voltage at the expense of instubility. From this point of view, therefore, 
it would be a bad practice to readjust the fine voltage immediately 
before taking a shot, Any adjustments should be made two minutes 
or more before shooting. 

“The above is only one example of the many types of useful investiga- 
tion which are made possible by the new colour comparator. In 
conjunction with a steady reference source the instrument can also be 
used to measure the colour of glasses, diffusing screens, and, colour 
correction filters. 

‘An important application of the new instrument has been the meas 
urement of colour stability and average colour of different types of 
are. By taking a time exposure of the eathode ay tube a record is 
obtained which shows at a glance the limits of colour variation and the 
proportion of time during which the arc is producing light of @ partic~ 
‘lar colour. Figs. 103 and 104 wore produced in this way. The use of 
this technique has permitted a considerable acceleration of the develop- 
ment of improved carbons for specific colour purposes. 


Luminance Factor of the Projection Screen 

C.G. Heys-Hiallett, of Mole-Richardson (England) Ltd., has made 
an exhaustive study of ithe screen laminance of British cinemas. He 
hhas developed an instrument known as the Morganite Reflectometer. 
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The instrument is available in portable form or it-may be permanently 
‘mounted in the projection box, where it can be used by the projectionist 
to standardize the screen luminance in‘a given theatre, The instrument 
consists of a small camera unit embodying a lens which throws an 
image of the screen on the target of a photoelectric cell. ‘The image 
being smaller than this target, the galvanometer with which the camera 
unit is connected gives a continuous indication of the total amount of 
light collected by the lens from the screen. A disc bearing light filters 
is mounted immediately in front of the photoelectric cell, so that 
by rotating it, any desired filter may be inserted in the path of the light. 
Acslide is provided between the photocell and the filter wheel in which 
Suitable masks may be inserted. ‘The instrument may be used to measure 
both the quantity and the colour of the light reflected either from the 
whole orany part of the screen. Itis also obviously capable of measur- 
ing the reflected light from any surface—e.g., for testing screen materials, 


Correction of Readings 


Service work is invariably carried out with the reflectometer mounted 
in the operating box, and it is most desirable that these readings 
should be comparable for the purpose under review. Early attempts 
to correct these readings by calculation failed, owing to inaccurate 
data. It was found that the great majority of operators would, when 
asked, immediately state the throw and screen dimensions, but usually 
state them wrongly. Success has, however, been obuained by using one 
dimension which can readily be checked by the service engineers— 
‘that is, the focal Jength of the lenses. This method has enabled a 
Considerable amount of data, obtained in the ordinary course of their 
work by the service engineers of British Thomson-Houston Company 
and Morganite, to be pluced at the disposal of the Committee of the 
British Standards Institution, when the question of standardization was 
under consideration, The method operates as follows: 

‘The readings taken in the box are called "* reflectometer readings,"* 
and are corrected by the expression— 

Reflectometer reading x0-163 /-—soreen luminance factor, where 

‘fis the focal length of the lenses and the constant 0-163 contains the 

dimensions of the gate, 

The screen luminance factor obtained from this formula is the reading 
Which would be obtained if the reflectometer fad actually been 
mounted in the axis of the beam at a distance from the sereen equal 
to three times ils width, The screen luminance factors for different 
cinemas are directly comparable, because, were they to be obtained 
directly with the reflectometer, the image on the photoelectric cell 
would be of constant size. The instrument could therefore be cali- 
brated to read directly in foot-lamberts, but attempts to do $0 led to 
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confusion and were abandoned. Photomettical units are unfortunately 
very complicated, and quoting foot-lambert values, which sre usually 
abour half the value of the incident light in foot-candies, leads to endless 
‘explanations which frequently leave the exhibitor worse off than before. 


“ Specific Brightness” 

The primary function of the figures which we are discussing is 10 
convey an impression as to the excellence, oF otherwise, of the projec- 
tion, and this end can best be obtained in the following manner, 

A large number of readings obtained in cinemas was examined, 
and a weighted average worked out by eliminating all freaks and very 
obsolete equipment, dad this average, corresponding to a °* screen 
brightness "' of 60, was adopted by the Morgan Crucible ‘Company as 
Standard. All instruments are calibrated on the same bench, and the 
Seale divisions huye been used as purely arbitrary units. Actually, 
the standard corresponds to an average luminance factor of abou! 
$foot-lamberts. The screen luminance is always expressed as a function 
of this standard, and the result is termed the “ specific brightness" of 
the cinema. 

Example —Cinersa using in, Senses. 
‘Rellectometer reading? 20 units 
‘Screen brightness=20 +0163 x 20-25=66, 
‘Specie brighiness= 66 1.1, 


This cinema is therefore 10 per cent. above standard. Each in- 
strument is provided with diagram (Fig. 105) from which the specific 
brightness may be read. 

It {s realized, of course, that the response of the human eye is, like 
that of the ear, logarithmic, but it is considered that over the relatively. 
smnall range of brightness encountered in the problem under discussion 
‘linear method of expression is the most suitable, 

Table 36 shows readings taken in a number of representative 
Sinemas, and indicates the wide variation encountered in practice, 


Dircetivity of Screen 
It i necessary to inyestigite the behaviour of the sereen in all 
directions, and it was in connection with the preparation of polar 
curves for typical sereen surfaces that difficulties were. encountered, 
it being found that a number of factors affected the shape of the polar 
curves ax measured. Some paints fluoresce to a measurable extent, and 
the intensity and type of light sed’ in the test may therefore be 
important... The relative positions of light-source, sercen, and reflect 
‘meter also affect the observed distribution. 
‘The luminance factor of a perfectly diffusing surface is dependent 
‘on the incident luminous flux and the nature of the surface, and 
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itis not affected by movement of the viewer to or from the screen; 
but if the screen surfice acts as a reflector, the amount of light rectived 
by the eye of the observer will yary as the inverse square of the sum 
of the distance of the eye to the screen and of the screen to the light- 
source. 

‘Commercial screens are rarely perfect diffusers, and the shape of 
the polar curve may therefore be expected to vary according to the 
method of test. 

Polar curves were measured in the laboratory and care was taken to 
imitate cinema conditions. A high-intensity are was used together with 
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A standard projection lens, the screen was vertical, the projector raked 
down at an angle of 10°, and the measurements were taken looking 
upwards at an angle of 7". 

‘New screens tested show reflection effects within about 20° of the 
normal. The curves were plotted for an incident light of 100 foot- 
candles, when a perfect diffuser would have a brightness of 100 foot- 
famberts, while that of a mirror would be about 7,000, 

The lowest curve was that of am old screen, representing about the 
average amount of deterioration occurring in cinemas before retreat 
ment is carried out. 
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American and German Recommendations 

‘The Projection Practice Committee of the S.M.P.E. bases its 
recommendations on the incident light. They recommend that the 
average of nine readings shall lie between 10 and 20foot-candles. They 
Place 7-14 footlamberts in brackets after these figures, but it will 
be appreciated that the connection between incident light and screen 
luminance factor is very indefinite. : 

The German recommendations, on the other hand, are definitely 
based an screen luminance. They recommend a value, in the centre 
‘of the picture with shutter running, of 8-75 foot-lamberts (3. milli- 
stilb—specific brightness 1-75), and state that the values in practice 
should not be more than 20 per cent. under this, This reading is to 
be made from the seat nearest to the normal to the screen, but, 2s has 
already been stated, the ascertainment of this position presents con- 
siderable difficulty, and js not so practicable as the proposal to take 
the measurements from the operating box. 

Appreciation of the polar curve of the screen is shown by the further 
stipulation that from no point in the auditorium shall the screen 
luminance be less than 44 foot-lamberts (1-5 millistilb—specific 
brightness 0-88) or more than 11-7 (4 millistilb—specific brightness 
234). The method of measurement which they recommend consists 
of measurement of the incident light followed by determination of 
the luminance factor of the screen by means of small test surfaces. This 
is a much slower and more inaccurate method than taking direct and 
instantaneous readings with an instrument of the reflectometer type. 
Italso suffers from the serious defect that it is not capable of measuring 
the apparent colour of the screen. 


Measurement of Screen Coloration 
‘Measurement of Energy Bands 

The first method tried in the Morganite Laboratories involved the use 
‘ofa spectrophotometer, which enabled the energy at each wavelength (0 
be plotted. The method was laborious and could be attempted only in. 
laboratory. Even then, however, it was found impossible to predict 
from the graph what the visual effect would be. The spectrum of the 
light from = projection are is a continuous one on which lines are 
‘Superimposed. It was thought at first that the failure was due to the 
great difficulty of measuring the energy on a particular line, and also 
Of keeping the light constant during the hour or so required for a set 
of measurements, 

‘A method was therefore developed of splitting the visible spectrum 
into cight bands by means of filters and integrating the energy in each 
‘band. In this manner it was possible to obtain the complete set of 
ight readings in about a quarter of 2 second, thus eliminating errors 
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due to variation in the light output of the are. Once again it proved 
impossible to peotict the visual ‘effect of changes in the colour of the 
ight, 

‘Success was eventually achieved by reducing the number of filters 
to three bands only. If the bands of these three filters correspond 
to those used in colour film process, accurate predictions are possible, 
Early work was carried out with Iford filters 205, 304, and 404, but 
latterly it was found that the red filter 204 gave slightly better results, 
land all Morganite reflectometers are now fitted with 204, 

‘Two methods of expressing results are in use. Prediction of visual 
effect can obviously be based only on comparison of the light under 
review with a standard, Heys-Hallett was therefore forced to udopt a 
standard at the commencement of his work, and the standard selected 
might be described as an average based on the projection performance 
of high-intensity projection arcs. 


“ Equal Green” Method 

This ‘method of comparing two colours depends on eliminating 
cone of the filter readings—always the green—by expressing the set of 
readings as 4 percentage of the green reading. Even then the set of 
readings for a cinema would be quite meaningless to everyone, and 
Tecourse is therefore had to the solution worked out for scteen 
Juminance—that is, all readings are expressed arbitrarily as a function 
of a standard, and termed specific colour.”” 
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‘An example is given in Table 37, showing readings of a cinema 
Which has light which is 31 per cent. high in red and 25 per cent. de- 
ficient in blue, It is possible with a little practice to get some idea of 
What the visual effect will be, but as two specific colours are involved 
itis not easy, ‘This example is one of the simpler ones, but sometimes 
both blue and red specifie colours exceed unity. A method of reducing 
the description to a single expression has therefore been evolved. 
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Dominant Hue.—Knowing the specific colours, calculate the percent= 
‘age of the total represented by each, thus: 


therefore 
R= 


ya=327 
Rams 


Similar treatment of the standard colour (Pr. 1.0, Pg. 140, Pb. 1-0) 
obviously gives 334 for each, 

‘These coloursare then plotted on the wheel diagram (Fig, 106). Stan- 
dard colour is represented by the point at the centre of the diagram, 
since if we plot 33} units towards green, turn 60" and plot 334 units 
towards blue, followed by 33} units in the direction of red, we return 
to the point from which we started. ‘The other set is then plotted in a 
Similar manner, and the triangle fails to close, indicating a colour differ- 
ence of 15:6 per cent, orange, the visual effect of which is easily pictured 
in the mind, 

When using this diagram to compare two non-standard lights, 
Heys-Hallett proceeds as follows: 

* First multiply each colour reading of one light by the requisite 
factor to bring it to 334 and thus make it the contre of the diagram, 

* Now multiply each colour reading of the other light by the same 
factor as was used for the same colour of the first light, Add up the 


three results and multiply each by x ‘The results thus obtained 


will add up to 100, and are tho percentage readings required for the 
Colour wheel, Note that in this case it isnot necessary first to calculate 
the specific colours."* 

This method is not very accurate if the lights are far off-whit 
but is sufficiently close for the purposes under review. 

Heys-Hallett uses an arbitrary circular diagram which departs 
radically from present-day methods of colour specification, 

Use of Colour Circte—The colour of projection arcs varies for a num= 
ber of reasons. The shaded area in Fig. 107 shows these variations for & 
fepresentitive moder high-intensity mirror arc designed to operate 
Fourid about 30 amperes. The lamp was tested over a range of 10 am= 
Peres with several grades of carbon of different makes. The limp was 
Properly handled throughout the test, and the shaded area therefore 
Feprosents the envelope which will be obtained when the lamp is run 
Strictly in accordance with the maker's intentions. Cases of under- 
or over-loading will, however, occur in practive, 
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The difference between high intensity and low intensity is most 
marked. The point A in the diagram indicates the average of low- 
intensity mirror arcs when correctly run at approximately full rating. 
Reduced loading will, of course, make the fight even redder. 

The effect of unusual design is shown by point C, which indicates 
the difference between the Stelmar are and another lamp, represented 





Fis, 106,—Method of plating predominant hoes on colour eitce (C. G. Heys 
Fane Preval) 


‘by the shaded area, while B is the point for an A.C. high-intensity 
Projection are. 

Some attempts have been made to’ use metal mirrors instead of 
lass, and point F, comparing a rhodium mirror with a glass one, is 
therefore of interest. 7 (i 

Screens have a powerful influence, as illustrated by point H, which 
shows the change in colour during the life of the sereen. Point K fs for a 

screen, while all other types of screen tested lie, When new, 
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between 2-5 per cent. orange and 3-5 per cent. blue-green. Point E 
shows the change effected by re-treating the screen in particular 
cinema. 

It is not safe, with a diagram of this type, to attempt to guess the 
result of combinations. For example, a blue-green projection light, 
represented by the point L, would be altered to the points L and F 
if the glass mirror were replaced by the rhodium mirror F. 








Fig. 107-—Bxamples of readings plotted on colour cine (C. G, Heys-Hallett). 


Conclusion 
The effect on the contrast of the picture due to stray light reaching 
the screen from directions other than the projection lens is important, 
a itis therefore necessary to draw up standards to cover this point 


‘According to Hoys-Hallett a satisfactory standard code must cover 
the following points, which have been shown to be of importance, 
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(@) Maximum and minimum average brightness of the screen 
as viewed from the operating box. 

() Maximum difference in brightness as viewed from any two 
seats in the auditorium. 

(© Maximum deviation from standard apparent colour of the 
sereen. 

(@) Maximum screen brightness due to light reaching the screen 
from directions other than that of the projection lens, ex- 
pressed as a percentage of the actual sereen brightness derived 
from the projection light alone. 

We might at this point discuss the relation between the lighting 
of the auditorium and its colour relstionship to the projected film, 
Ttis a fact that the conditions for appreciation of delicate colour con 
trasts are at their worst with the present projection system, since the 
frame of the picture is @ large area of intense gloom—more or less 
black, It is certain that if we could surround the picture with a frame 
‘of neutral white of lower lightness than the white of the picture (neutral 
grey, in fact), the pale, desaturated tones of the picture would 
immediately take upon themselves a new value. When we ato a long 
distance from the screen we might compare the effect to looking out 
‘upon an intensely lit exterior from the depths of a cave, Under these 
conditions itis quite impossible to appreciate the colour of adelicatesky, 
for example, The theatre manager would probably reject this project 
if it were put before him, but it remains fairly sure that the quality of 
the colour picture would be vastly improved by a surround of pale grey 
fight, fitting it quite closely, like a mount or frame. The practical diffi- 
coultits are slight and as ant experiment it would be well worth trying. 

‘The present habit of throwing a flood of red on to the screen, dimming 
this, and then fading into the picture, and perhaps simultaneously 
‘withdrawing a curtain, will have to be given up if a colour picture 
is about to be projected. The afterimage of the approximate comple 
mentary hue would seriously affect the colour balance of the title for 
an appreciable time. For the same reason it is important that the 
audience should not be subjected to any colour fatigue just before the 
picture is shown. 
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8. THE PSYCHICAL AND PHYSICAL RESPONSE TO 
RADIANT STIMULUS 
‘The Physical Stimulus 
The physical stimulus is Radiant Energy travelling through space 
in the form of electromagnetic waves of various lengths, ‘The wave- 
ength limits of radiant energy capable of evoking visual sensation 
‘extend roughly from 700 My to 400 My (millimicrons). 


‘The Psychical and Physical Response to the Stimulus 
‘There are two approaches to the general subject of light and colour: 
Physical. Objective. 
Psychical (or Psychological). Subjeciive, 


Specifications of physical stimuli in terms of equality, or difference, of 
Sensations experienced by human observers are sometimes called 
“* psychophysical measurements."* 


LIGHT 


Radiant energy capable of stimulating the eye and causing the sensation 
of vision. Often extended to radiation near to the visible region of the 
spectrum, e.g. ultra-violet light, infra-red light, Light actually enterlig 
the eye may be more specifically referred to as the visual stimulus (1), 


COLOUR 


(@) That characteristic af the visual sensation which enables the eye (0 
distinguish differences in its quality, such as may be caused by differences 
tn the spectral distribution of the light rather than by differences in 
spatial distribution or flectuations with time, 

(b) As (a) but applied directly to the stimulus, or the source (primary 
oF secondary) giving rise to the sensation. For brevity the stimudus is often 
referred to as the colour. 

(©) That property of an object or sthnulus, or quality of a visuat 
sensation, distinguished by its appearance of redness, greenness, etea th 
contrailstinctlon 10 achromatic cotour. 


‘The characteristics of Hight which constitute colour can be specified 
in: 
Objective Terms, 


(1) The appropriate photometric quantity (Luminance, Luminous 
flux), 
(2) Dominant wavelength, 


(3) Parity. 
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These characteristics of light correspond to the following three 
attributes of visual sensation, specified in: 


‘Subjective Terms 


(1) Luminosity (and applied to sensations and secondary sources 
only, Lightness), 

Q) Hue. 

3) Saturation, 

Luwunostry, a psychological term, can be defined as that attribute 
with respect 10 which a colour may be rated as equivalent to some member 
of a series of greys of which black and white are the terminal members, 

Ail colours possess luminosity and fall naturally into two classes: 

J. Those which possess no other attribute, 
2. Those which possess other uttributes in addition to luminosity. 


Colours which possess no attributes other than luminosity are called 





most distinctly 
‘quantitative, This is a consequence of the fact that it is the at 
which varies most markedly when the magnitude of the stimulus is 
changed. The terms High Juminosity, medium luminosity, and low 
luminosity ire appropriate for the description of the luminosity. of 
colour sensations, 

The objective term Lusmvance corresponds with Juminosity. Light 
Js rarely temporally constant or spatially uniform throughout the 
entire field of vision. Nevertheless, in accordance with the O.S.A. 
definition of colour, the light from’ench portion of the Geld which is 
uniform and constant during an appreciable time has a definite colour, 
Those varieties of light which are occasionally called ** colourless 
huve a colour according to the usage recommended by the O.S.A. 
Colorimetey Committee, the purity of the colour of neutral, or “*white,"” 
Tight being zero and the dominant wavelength indeterminate, 

‘Hue, a psychological term, is that attribuae of certain visual sensations 
by which we distinguish red, green, blue, yellow, purple, ete, from one 
‘another and by which the eye distinguishes different parts of the spectrum, 

‘The corresponding objective term is Dosuwant WAVELENGTH, 
‘The dominant wavelength of a sample colour is the wavelength. of 
spectrally homogeneous radiant energy which would have to be mixed 
With an appropriate amount of achromatic, of “* white," light in order 
16 match the chromaticity, The term Cunomaricrry refers to. the 
chanicteristics specified by dominant wavelength and parity, Any 
payehophysicl specication of colour which embodies the sime 

information as dominant wavelength and purity, but not photometric 
‘magnitude, is a specification of chromaticity. 
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‘4 psychological term, has been defined by the Colour 
ice Of the Physical Society as shat attribute of visual 
sensations which permits a judgment to be made of the proportion of 
colourfuiness in the total sensation. Sensations of the same hue and 
duminosity can be arranged in a series of increasing saturation ranging 
from srey to that member of the series in which the ue appears most 
‘marked (2), 

As is the case with luminosity, saturation also has a quantitative, as 
Well as a qualitative, character, and the use of the terms high saturation, 
medium saturation, and low saturation, are suitable for the descrip: 
tion of the saturation of colour sensations, When, in a stimulus con 
sisting of a combination of chromatic and achromatic light, the propor. 
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tion of the chromatic component is increased, the saturation of the 
colour sensation varies correspondingly. In the sense that it varies 
in the same manner as the proportion of the chromatic component 
in the stimulus, saturation may be considered a quantitative attribute 
of colour sensation. 

‘The corresponding objective term is PuxiTy. Purity is an expression 
Of the proportion of the spectrally pure component in the mixture 
matching the chromaticity of the sample. 


‘The Eye (Condensed Description) 
The eye is much like a camera, in which the comea and crystalline 
Jens represent the Jens-system, the iris the diaphragm, and the retina 
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‘The optical system of the eye is not achromatic (namely, the focal 
Jength is different for different wavelengths). 


‘The retina ws a whole consists of si distinct layers (Fig. 108): 
1) The fod and cone Layer, lying below am outer limiting membrane, 
2) The outer nuclear layer, containing the nuclei of the rod and cone eels. 
3) ‘The outer molecular layer, where the rotund cone cells, which together form 
the first relay of the optic circuit, terminate and make contact with the 
{read-like proeses ofthe bipolir et which form the second ayer oF 
it 


(3) The inner nuclear layer, containing the nucle of the bipolar cells 
(S) The faner tnolecular layer, where the bipolar cells terminate aod make 
Sontact with the process of the ganglion eels the third relay of the 


‘ical 
(6) The tanglion el aye, wich contains abo the nerve fbres running to the 
Mou nary and tacoe to tes ola 








Pa, 109, 


Fig. 109 represents a dingrammatic section of the eye. R is the 
‘etina; L is the lens, containing a liquid, the refractive index of which 
is 14371; VH is the vitreous humour, consisting of a jelly-like material 
containing chiefly water, the refractive index being 1-3365; ON is the 
‘optic nerve connected with the brain (contains about one million** in- 
sulated * nerye cables—probably. one for each cone in the fovea 
centralis); OX is the optical axis of the lens; FC is the fovea central, 
4 small depression in the macula lutea, or vellow spot. 

‘The Retina.—The average thickness of the retina is 1S mm. ‘There 
are several layers of cells and neurones, through which the light has 
to travel before it reaches the sensitive layer of light reception known 
as the rods and cones. 
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Rods and Cones. —There are 6,500,000 cones and some 120,000,000 
rods (Fig. 110), 

‘The cones are concentrated in the fovea, which has no rods. The 
proportion of rods steadily increases towards the periphery until the 
feceptors are all rods. Each cone is believed to be connected to one 





wo aD 
Fo. 10. 


nerve fibre, whereas 60-100 rods converge on a single fibre. ‘The rods 
contain a highly light-sensitive substance, visual purple, 
* The cones also exude a similar light-sensitive compound. 

Rods.—Fach rod has two distinct the outer and lower limbs. 

The outer limb is @ cylinder about rfy mm. in length and yAyy mm. 

in diameter, It is transparent and doubly refractive, and is probably 

made up of a very large number of discs of about yefeq mm. in 
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Transverse section theough the rods Section of the outer layer of the 
‘and cones of the retins,, retina nearto the fovea 





‘Transverse section through the cones Section of the retinal cones at the 
of the retina at the fovea. Tove, 


Fia. 111.—Photomicrographs of the Retina (Fincham, Phot. Jour., 76, 268, 1936). 
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thickness cemented together. The cylinder is sensitive to light, swelling 
up under its action, and shrinking again under prolonged exposure 
to light. The inner limb is truncated and tapers to a delicate thread, 
which eventually connects with the optic nerve. 

‘The rods, owing to their visual purple, are far more sensitive to small 
‘amounts of light than the cones. Rod vision is colourless. ‘The visual 
Purple is decomposed by light and reformed in the dark, giving the rods 
adaptation power after being in the dark for half an hour. Rod vision 
is often referred to as visual purple vision, because in the cones there 
occurs something fundamentally different which originates colour 
Perception. Rods are the receptors for night vision, and as they are 
Rot present at the fovea this is almost blind, so night pilots are taught 
to use the periphery of the retina for maximum perception in the dark. 
The maximum absorption of visual purple is at 502 My, and the dark- 
adapted luminosity curve has its maximum at 510 My.. This shows 
fairly close agreement. 

Cones.—As closely crowded as 13,000 per 0-1 sq. in. in the human 
fovea, the cones are each about 0:002 mm, diameter at the light- 
receiving end (the base) and 0-05 mm. long. The light-sensitive substance 
is probably secreted within and spreads over the surface. The pi 
of the decomposition by light of the photochemical substance 
nerve impulses which travel inwards to their * receiving end 
brain, In spite of the incontrovertible evidence of triplicity in the 
Phenomena of colour mixture, there is as yet no evidence for the 
existence of three kinds of cone adaptor, nor of three photosensitive 
substances in each cone, nor, alternatively, of three groups of cones 
each containing a different light-sensitive substance. 

Dr. Wright says (** Survey of Modern Researches in Colour Vision, 
Institute of Ophthalmic Opticians," The Refractionist, 31, 1942, 
P. 53)? As a working hypothesis that is most in accord with current 
views we may assume that to produce a visual response the light has 
to pass inside a cone and react with light-sensitive material on its sur- 
face. In the centre of the cone we will also assume the existence of a 
Feservoir of inactive photochemical substance for use in maintaining 
the supply of active substance on the surface. These suggestions are 
only tentative, but in the present state of our knowledge all we can 
attempt to do is to discover the most probable mechanism in the light 
f the information available."* 

Information concerning the light-sensitive substance or substances 
in the cones seems to be less than that known about the rods, but 
this is due to.their presence in very mimute quantities and in dilute 
form, 

Electrical tmpulses.—Professor E, D. Adrian in 1932 showed that 
single nerve fibres from certain receptors convey an electrical impulse 
‘which varies in frequency but remains constant in intensity for stimuli oF 
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various intensities (3), Professor R. Granit* of Sweden as developed a 
technique whereby, using micto-electrodes, threshold responses of single 
nerve fibres to various wavelengths have been measured, Retin: of 
animals, consisting of rods only and charged with yisual purple, gave a 
response against wavelength closely agreeing with the photosensitivity of 
visual purple, a curve known to be almost identical with the luminosity 
curve of the human dark-adapted eye. In order to isolate the cone 
Tesponse, experiments were carried out with the eye of the snake, which 
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Fic, 112.—Synibesis of hums photopic determines 
Coen and Emerson (ull: ar Stan, Wash Nos SOK 11h, om ee ba of 
three fundamental sensation curves Gund 8. The Recunve ndicated to be Uie 
sur of ta sions My and ME ery apc (Gra. Jou. Nowe 
consists wholly of cones. A broad curve was obtained with a maxi- 
‘mum at 560 Mji, and this curve Granit ealls the dominator (Fig. 112), 
Optic nerve fibre units being convergence units of a number of receptors, 
it is probable that several receptors combine to yield this dominator. 
Occasionally much narrower curves are obtained and the striking fact 
emerges that these narrow curves are confined to three preferential 
regions of the spectrum. These narrower curves Granit calls modulator 
curves, A characteristic modulator has a maximum at 600 Mu. In 
the frog he found a yellow modulator with a maximum at 580 My. 


* Professor Ragnar Granit of the Newrophysical Department of the Caroline 
Institute, Stockholm. 
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Groen modulators are found in all eyes with maxims: between 520 Mi 
and 540 My. Blue modulators around 460 My occur in the guinea- 
pig, Which possesses an exclusively rod eye. Granit then asked himself 
whether the dominator could be regarded us being formed. by grouped 
modulators. Measurements by Dr. W. D. Wright of the luminosity 
curve derived from the retinal image of a yery small point of light 
had exhibited a hump (foveal stimulation) in the red in the region 
600 Mu. Granit obtained a similar hump in the cat’s dominator curve. 
By adapting the dark-adapted eye of the animal to narrow spectral 
fesions, modulator curves were obtained which, when averaged, were 
found to sum to the animal’s photopic dominator. Granit remarks: 
“In the light of these experiments it seems permissible to maintain 
that the dominator is a composite curve consisting of modulators. 
‘Why have modulators never been found in the human eye with sensory 
methods? The main reason would seem to be that the analytical 
unit field contains too many elements, perhaps up 1o.a hundred thousand 
nerve fibres... Itshould be emphasized that these electrophysiological 
experiments have not provided any evidence for the existence of three 
fundamental response curves. From the physiological point of view, 
colour vision must be understood in terms of modulators and 
dominators."" 

Granit concludes that the standard photopic and scotopic lumin- 
osity curves of the human eye represent typical dominators, both 
of them being responsible for white sensation, or luminosity. ‘Th 
colour aspect is cartied by the modulators as a kind of * tocal sign 
Accordingly, Granit considers white as a separate sensation. In sup- 
‘port he notes that “ The distribution of saturation in the spectrum 
is very charcteristic. The ends are saturated and at the same time 
dark, extreme ted and extreme blue being examples of such dark 
and saturated colours. On the dominator-modulator concept this is 
explained by the fact that at the ends of the spectrum the dominator 
values are yery low, so that the modulators in these regions are re- 
sponsible for the greater part of the sensory experienice, Again, in the 
yellow region the large contribution from the dominator makes: the 
Spectrum appear relatively white and the colour unsaturated, 


Adaptation 
If the eye lias been exposed to intense radiation it is said to be 
light-adapted. IC the eye has been free from radiation for a considerable 
period it is dark-adapted. The sensitivity depends upon the relative 
decomposition of the light-sensitive compounds in the retina. Reduced. 
concentration initiates a proportionately weaker sensation. 
Response and Circumstance 
‘The colour concepts are ultimately psychological, and indeed 
‘wholly subjective: but the usual original stimulus is radiant energy. 
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‘The colour sensation is strictly determined not solely by the radiant 
energy but also by the circumstances or conditions under which the 
tadiant energy is incident upon the retina, These conditions include: 
(1) the size of the field ; (2) the state of adaptation resulting from previous 
‘exposure as well as present stimulation; (3) the type of the individual 
‘observer's visual system; (4) the particular part of the retina receiving, 
the energy; (5) the simultaneous stimulation of other parts of the retina. 
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Fia, 113.—Payehophysical Relatisashipa, (fy courtesy of the Colorimetry Co 
een rine oe Opa Se af deft Cob Come 


Psycho-physical Aspects 

Before giving some tables of the reactions of the eye to radiation, 
reference should be made to the psycho-physical phenomens, We know 
that there is a long and infinitely complicated process of transformation 
from the physical stimulus to the mental process, 

This psycho-physical process is well set forth in“ The Concept of 
Color," Chapter Il of the report of the Committee on Colorimetry of 
the Optical Society of America, Fig. 113, from this report, represents 
the categories of visual psychophysics. 
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Key To Fis. 113 


1. The radiator, or source of light. 

2 Absorption oovurring beeen source and object. 

3. The object upon which the radiation is incident. 

44 Possible materials between object and eye, modifying intensity and quality. 
“including losses by scattering and reflection, 

Sand 6, Radiant energy enters the eye, being refracted by the various elements and 
forming an image on — 

Tidepen puss wees On roan ‘ali hie rods and cones i 

in radiant falling upon the rods and cones gives 

ae (0 8 photochemical oe Dilovocectrieal reaction. 

9. This excitation leads to nerve impulses Which are propagated through the notve 
fibres and synapves connecting these elerents with the fibres of the optle 


nerve. 

10. The optic nerve 

11 and 12. Subcortical portion of the eerebrum. Synuptic proceses controling 
‘impatses flowing into the cortex, 

13. Sensory projection area of the cortex. 

13-16, Cortical areas ofthe cerebrum, 

1415, Association areas, 

16. Motor projection areas. 

17, Outgoing or efferent nerve impulses setivating the mules and motor nerves. 

18," End-plate "processes, 

19, Musele fibres, 

20, Mucilar reactions finally indocod. 





* Everything which occurs from 1 to 8 is of a purely physical or 
objective nature. ‘The characteristics of each link in the chain of events 
‘ean be meastired and specified completely in physical terms, Moreover, 
the interrelations between these various phenomena can be expressed as 
purely physical functions. We can, for instance, express ptecisely the 
characteristics of the image, 8, formed on the retina in terms of purely 
physical units, These characteristics, of course, include shape, size, and 
Position of the retinal image, as well as the intensity and quality of the 
radiant energy at all points in the image."* 

Itis proposed in the same report that the chain of events leading. 
‘up to the formation of and including the image on the retina * should be 
called the stimulur process, the immediate stimulus being the retinal 
image. "The response process begins in or around the receptor cells, 
‘with the effect which occurs as a result of the absorption of the radiant 
energy of which the retinal image is composed, and continues inward 
along the afferent nerve fibres to the central nervous system and thence 
‘outward long the efferent nerve fibres terminating with the epitheal 
(that is, either muscular or glandular) reaction and its effect on the 
‘organism or its environment. This entire chain of physiological events, 
9 to 20, inclusive, is called the physical response arc. The term 
physical is applied (0 the events from 9 to 20, as well as those from 1 to 8, 
because this entire chain of events, 1 to 20, appears to. be causally 
connected and governed by objectively discoverable principles, Only 
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the events from I to 8 can be investigated by the techniques employed 
in the specialized science of physics, The methods of physiology which 
fare more appropriate to the investigation of the phenomena from 9 to 
20 are adaptations of the methods of physics and chemistry to the 
study of living organisms, and the science of physiology ean be grouped 
with the physical sciences in the same sense that chemistry is a physical 
Science. In the same sense the physiological and chemical phenomena, 
9 to 20, which are not proper subject matter for the specialized science 
of physics, are nevertheless physical in a generalized serise. In this sense 
the phrase physical response arc is used to emphasize the connections 
between the events 1 to 20, in contrast with the essential distinction of 
all these concepts from psychical or subjective concepts. The physical 
fesponse arc is divided quite naturally into two parts, namely, the 


Frm ner 


i EXPERIENCE 
i consciousness 























Pia, 114, 
{By courtesy of the Colorimetry Committee of the Optical Séctety of America) 


‘afferent are including conduction into the cerebrum, and the efferent 
are, including conduction from the cerebrum along the efferent nerve 
fibres 

‘The information presented pictorially. in Fig. 113 is represented 
diagrammatically in Fig. 114, Everything below the horizontal line AB 
belongs properly in the general physical category. ‘The visual stimulus 
extends from 1 to, the plyisical response from 8 to 20, subdivided into 
afferent and elferent response arcs. ‘The one ends and the other begins 
at some point between 12 and 15, The psychical area lies above the 
line AB and to the right of the vertical fine OC. The psychical aspect 
of the response to physical stimuli is experience and consciousness, 
Comprised of more specific. psychical activities such ay sensation, 
perception, memary, ete, The diagram also indicates by its structure 
that nervous. activity in the sensory. projection areas of the cortex, 
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13a and 13b, gives rise to sensation, The propagation of nerve impulses 
from the sensory areas of the cortex into the adjacent associative area, 
14, of the cortex and the interaction there with other possible cortical 
activities gives rise to perception, 

Summarizing, the report notes three general classes: physical, psycho- 
physical, and psychical. The psychical response is the subjective aspect 
of the impulses in the sensory projection areas and in the associational 
areas of the cortex, 

** Psychological relationships include correlations between subjective 
aspects of the observer's response and are established by application 
of the criterion that the relationship must be evident introspectively or 
Perceptually to the observer. Individual differences ure accepted and 
Consequently, it is not to be expected that all observers will report 
the same psychological relationships. Disagreement is not always an 
indication of incorrectness of psychological concepts or relationships. 
Under some conditions group agreement may be expected." 

No doubt this approach to the treatment of the totality of the 
Phenomena of the experience of vision may be challenged on one score 
or another by physicists, physiologists and psychologists in turn, but (0 
the writer in any case, it appeals as a philosophically sound conception, 
and as a fruitful thought pattern, 

One of the founders of modern psychophysical methods was Weber. 
He noted that a stimulus must attain a certain intensity in order to 
excite @ sensation, and that stimuli of greater intensity excite stronger 
sensations,” ‘Therefore there is a quantitative relationship between 
the stimulus and the sensation. ‘The minimum effectual intensity of 
stimulus'is called the general threshold or the general liminal value, 
‘Thus a light of low intensity may awaken only a grey sensation when 
ata higher intensity it may excite a sensation of fue, 

‘The intensity has to be increased by a definite amount before a 
difference in the amount of the sensation becomes perceptible. This 

the differential threshold or the liminal discrimination vatue. 

Equetl increases of physteal intensity da not give equal increases of 
sensation, 

Weber stated his conclusions in the form of a law: 

The just appreciable increase of stimulus bears a constant ratle to 
the original stimulus—ie., two stimuli, in order to be discriminated, 
must be in a constant ratio which is independent of the absolute 
magnitudes of the stimuli. 

Fechner went further and expressed sensations in quantitative terms. 
Fechner stated that just noticeable differences of sensation. contain 
4n equal number of sensation units. The sensation, he says, varies as 
the logarithm: of the stimulus—ie., the sensation changes in arithmetical 
Proportion as the stimulus increases in geometrical proportion, 

Stated algebraically: If E is the measure of a sensation and 6 the 
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just appreciable difference, S the measure of the stimulus, and &S a 
‘small increment, then 

Ab=C'S (Weber's Law), 
Where C is a constant; therefore, on the questionable assumption 
that itis permissible to integrate small finite quantities (SE), etc, 


is 
e-c® 
= C log. S+C’ (Fechner’s Law), 
where C’ is another constant, 


Weber's law does not hold for very low or very high intensities. 
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ro, 116-—Huextiscrimination curves for five normal observern: (W. D. Wright), 


‘The principal psychological factors of vision are: 

1. Predisposition to associate certain hue characteristics with objects 
‘regardless of local radiation conditions or limitations. For 
example, lips are thought 16 be still red, although they may 
appear quite black by mercury vapour Tight, as if the lips had 
ain attribute of hue in themselves. But the redness is, we know, 
not an attribute of the lips, but of our sensation, 

2, Relativity of judgment, ‘Tho black printed letters of a per 
may reflect more light (Hering) illuminated by sunlight than 
the white paper om which they are printed when illuminated 
by artificial light. ‘Therefore, what is called black under one 
circumstance may be perceived us white under another, 

3. Hue. Prychological analysis indicates that there are four ideas 
of hue: red, yellow, green, blue, (These form a closed series 
via the purples.) 

‘5. Saturation. 
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6, Lightness. That attribute of visual sensation by which one surftce 
is judged to reflect a greater or smaller proportion of the 
incident light than another (Fig. 115), 





Sensibility to Differences of Wavelength 
Hue discrimination has been measured by many observers, A. 
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Pia. 116A.—Human hie discrimination socording to Wright and Pitt (Proc. Phys, 
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io, 117-—Mitimuns change of wavelength perceptible (L.A. Jones) 


recent investigation by Wright and Pitt [5] shows the difference in wave~ 
length necessary for discrimination of hue at adjacent wavelengths 
(Gee Fig. 116). Minima in the curve represent maxima of discrimination. 
Between 580 and 600 My: wavelengths as little apart as 1 My can be 
distinguished. L. A. Jones [6] made a similar determination and derived 
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a hue seale of about 130 steps of just distinguishable difference in the 
spectrum (see Table 39). Note the high sensitivity in the yellow region 
(580-550 Mp) and in the blue-green at 490 My (Fig. 117). 


Sensibility to Differences of Luminance 

The retina is sensitive to differences of luminance over a very wide 
range, falling off at low and high intensities. Konig and Brodhun 
determined the least perceptible luminance increment for light of 
various hues and for white, As the intensity decreases, the sensibility 
diminishes more rapidly for rays of longer wavelength than for rays 
of shorter wavelength. (The unit of luminance in Table 40 is 0-004 
millilamberts, which is approximately 0-004 foot-candles.) 

‘The tablo shows the least luminance increment from about 0:00008 
foot-candies to 4,000 foot-candles, From the table it will be seen that 
the range of luminance which gives the best discrimination is between 
2,000 and 5,000 units—viz., between 8 and 20 foot-candles. The average 
luminous reflectance of screens in large theatres rarely exceeds 7 foot- 
candles (luminous reflectance of the screen measured during projec- 
tion, inclusive of dark period). 





‘Tami: 38 (BLANCHARD AND Lowny) 
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Other data by Blanchard and Lowry sre given in Table 38. 
‘These data are given in the third column in the form of a ratio of the 
greater of two just noticeably different Juminances to’ the difference 
between these luminances, The fourth column of the table gives 
the reciprocal of the sensibility, which has been called the difference 
iraction, the Fechner fraction and other names. Data of this kind are 
yery much subject to the particular method of computation or repre- 
sentation employed—for example, the type of field used (7) (8). 
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TABLE 39 (continued) 
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ssafyyes in. The wavelength of green light is, for example, about x3 in. 


‘The Luminosity of Radiant Energy (Relative Spectral Luminance) 

Variation in the wavelength of the stimulus produces besides variation 
in hue, a chinge in the sensation of luminosity. Thus the blue of the 
spectrum is less light than the yellow-green. Comparing the amounts 
‘of energy of each wavelength throughout the spectrum which will 
stimulate ap equal sensation of luminosity, we can calculate the relative 
Juminanee of an equal energy spectrum. Plotted with relative luminance 
as ortiinates and wavelengths as abscisss, these data give a curve known 
‘as the Relative Spectral Luminance curve of the eye (Fig, 118). ‘The 
22 


Tame 39.—Least Penctrtinte LUMINANCE CONTRAST (KONIG AND BRODHUN) 
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Juminance tevel it which observations are made causes that part of the 
spectrum which normally appears luminous to move towards the short- 
wave region if the intensity of the light forming the spectrum is muck 
reduced. This is known as the Purkinje phenomenon (discovered by 
Purkinje, 1825), In light of very low intensity the blues appear con- 
siderably lighter than the reds. 

Gibson and Tyndall (9] of the Bureau of Standards, U.S.A., deter- 
mined a Relative Spectral Luminance curve for the “standard” eye the 
values of which were adopted by the International Commission on 
Mlumination in 1924, Table 41 gives the values. 
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‘Sensibility to Purity Differences 
Any colour can be matched by mixing (adding or subtracting in the 
colorimetric sense) a spectral stimulus with an achromatic stimulus, 
‘The mixture is measured by rwo quantities: 


1. Dominant Wavelength, which is defined in the report above 
referred to as, * The wavelength of the spectral stimulus required to be 
mixed (added or subtracted in the colorimetric sense) with a standard 
achromatic stimulus in order to match the observed stimulus.” 
Purples are given a complementary wavelength if subtraction is necessary, 
and this is defined by the Sub-Committee on Colorimetry of the 
British National [Mumination Committee as:“* The wavelength of the 
portion of the spectrum which, when combined with the simple 
‘stimulus in suitable proportions, matches the adopted achromatic 
stimulus according to the data for the standard observer.”* 


2, Purity. 

(@) Colorimetric Purity, which the Physical Society Report defines 
as“ the ratio Bd/B, where B is the luminance of the sample stimulus 
and Bd is the luminance of a spectral stimulus (or of a suitable com- 
bination of extreme spectral red and extreme spectral violet) which, 
‘by additive mixture with the adopted achromatic stimulus, forms a 
‘match with the sample stimulus in both luminance and chromaticity 
according to the data for the standard observer."" 

(8) Excitation Purity, which is,“ The ratio of the distances, on a 
two dimensional chromaticity diagram, from the adopted achromatic 
stimulus to the sample stimulus and to the stimulus lying on the 
Spectrum locus or the straight line joining its extremes, which by 
additive mixture with the adopted achromatic stimulus can form a 
‘match with the sample stimulus. An achromatic stimulus has purity—o. 
A chromatic stimulus has purity > 0 and < 1. A spectral stimulus 
has purity=1. The dominant wavelength and purity of a stimulus 
correspond to the hue and saturation sensations but there is no strict 
Parallelism. Thus, a constant hue series of increasing saturation is not 
necessarily @ series of constant dominant wavelength, although the 
departure will not generally be large and may be very small for certain 
hhues. (Since the selection of a standard illuminant is arbitrary, this 
lose correspondence depends on whether or not the standard illumi- 
nant is acceptable as achromatic under the conditions of observation.) 
Dominant wavelength and purity es objective quantities are indepen 
dent of luminance, but the hue and saturation sensations may vary 
With the luminance. Although the purity increases with saturation, a 
‘scale of equal steps of saturation does not agree with either the colori- 
metric or excitation purity scales. In like manner, luminance corre- 
sponds to luminosity sensation but there is no strict proportionality 
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since the scales of equal steps do not agree. If the luminance is specified 
4s Well as the dominant wavelength und purity relative (o some standard 
illuminant, the colour is completely defined. This system of colour 
specification corresponds to the representation of a sector in’ polar 
co-ordinates, For comparing colours the characteristics of a stimulus 
‘are completely defined by three quantities—either the three trichromatic 
co-ordinates, or the luminance, dominant wavelength and purity. 
Normally it is sufficient to consider only the relative luminance of 
colours."” 














Sa 
‘Percent Purity 
Fid.120-—Saturation seusibilty (L.A. Jones end E. M. Lowry). 


4 
ar 


Saturation, which is the subjective term corresponding to purity, is 
* that altribute of visual sensations which permits a judgment to. be 
madé of the proportion of colourfulness in the total sensation. Sensi: 
tions of the same hue and. luminosity can be arranged in.a series of 
increasing saturation ranging from, grey to that member of the series in 
Which the hue appears most marked." (Report on Colour Terminology 
by a Committee of The Physical Society Colour Group, London, 1948,) 

L.A. Jones anil E. M. Lowry [10) have determined the number of the 
least perceptible saturation steps between each maximally saturated 
colour and white (Fig: 120). The curves represeating the sensibility of the 
eye to differences of saturation possess two maxima, one, the greater of 
the (wo, being at complete saturation, and the other at zero, Complete 
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ssturation means that for purposes of physical specification the spectral 

is are 100 per cent. saturated. An exception to the order of sen- 
'y is found in the case of the blue-green (490 Mu), for which hue the 
maximum appears at zero pufity, The reason is unknown, It will be 
seen from Table 42 that the number of saturation steps varies for the 
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Fa 121.—Colour steps ploted in the R-ULCS. shart fr 18 Of the fines tested By 
‘W.D. Wright. 


different colours, the larger number of steps being found in the red and 

blue, and the smaller in the yellow [11]. hat 
'W. D. Wright (12) has measured comfortably discriminative steps. 
along thirty-five lines across the C.LE. (L.C.L) clirom: chart, The 
mean of such steps of four observers turned out to be some three times 
the just noticeable difference: When plotted on the standard C.LE, chart 
the steps are found to be very badly distorted, and the data ars much 
better presented on the Breckenridge and Schaub rectangular-uniform~ 
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chromaticity scale chart (known as the R.U.C.S.). But no linear 
projection of the CLE. diagram can give an exact equality of the colour 
steps. The purples and the spectrum locus were also examined. 
Plotted on the CLE. standard chart, the smallest steps were in the 
blue corner and the longest in the green and yellow. 
For Wright the steps on the R.U.C.S, chart all vary between 0-017 
‘4nd 0.034 of the length of the line joining two wavelengths (Fig. 121). 


TAMLE 42.—SaTURATION ScALE Data (Jones anv Loway) 
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‘Trichromatic Colour Mixture 


‘The experimental fact that practically every colour can be matched 
by the admixture of three colours is independent of any theory of colour 
vision advanced to account for it, The reader is referred, for a study 
Of the theories of colour vision, to the literature of the subject. Here 
‘we haye only to note that, were it not that most colours ean be matched 
by the admixture of three, colour photography, as we know it so far, 
‘would not exist. But itis always interesting and Suggestive to recall that 
the three-colour method need not be the final solution, for if we can 
dlogover some light sesitve substance capable of assuming the colour 
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of the light to which it Is exposed (or the complementary colour thereto) 
and the means be found for fixing it, there would no longer be any need 
for three-colour photosraphy. 

So that the Young-Helmboltz theory of colour vision is immaterial to 
the facts with which we, as colour photographers, should be acquainted. 
The colour-receiving apparatus would appear from the facts to have 
three functions of some sort or other (see Granit), but the true explana- 
tion of what happens has formed the subject of argument, and some~ 
times acrimonious argument, for the lasty sixty years or so. And there 
We propose to let the matter rest. 

It is very helpful, however, to represent the three sensations hypo- 
thesized, a a means of conceiving what may underlie the fucts of colour 
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F15,123,—Sensation (luminosity) curves for white light spectrum (arbitrarily yelvted 
fmaries) (W, D> Weigh). 
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mixture, ‘Three primaries are chosen such that all visible radiations 
stimulate positive amounts of them, Now a stimulus of some given 
energy distribution will produce a sensation which may be regarded as 
the composite effect of three component sensations. ‘The proportions 
in which the three primaries are stimulated are measured on a fwninosity 
basis, as this quality is the only one they have in common (we know that 
blue is tess bright than yellow, for example). As W. D. Wright well 
‘expresses it: 





“The fact that it i+ difficult, when muking a direct comparison, to determing 
the exact point at which two different colours have the same luminosity (bright- 
ress) is the result of marked difference of one quality dulling the observer's 
sensitivity to a arhall difference in another quality, and does oot signify that the 
common quality of luminosity is non-existent ae 
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Fig. 123 gives the relative luminosity of the three sensations in the 
various spectrum hues, referred to a white light spectrum (5,000" K.): 
The areas under the three curves give the proportion stimulated by the 
integral light of the spectrum, 

‘The next thing is to separate the hue part of the sensation from the 
luminosity, To do this we must adopt the convention that equal 
mounts of the three primary sensations make white. We have to find 
factors for making the areas under the three curves equal, These factors 
enable us to express a colour apart from, its luminosity ay certain 
amounts of red, green, and blue, multiplied by the equality factors and 
‘expressed as coefficients adding up to unity. This is called-a trichromatic 
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unit, ‘Such unit fulfils mathematical laws, If we mix X units of a 
colour C, with X units of another colour C,, then we have 2X units of 
some thind colour C,, and soon. 

This system has led to the use of the triangular method of represent- 
ing.a colour. An equiliteral triangle has generally been used, but this 
method uses a superfluous co-ordinate in that once two out of the three 
cooflicients are known the third is given by the difference from unity of 
the sum of the two. Hence a two co-ordinate system is feasible, and has 
the advantage of possessing rectangular axes. 

In Fig. 124 the abscissa of a point gives its red and the ordinate its 
‘green coefficient, and. these completely determine the colour tepre- 
Senied by the point, The units being based on equal quantities of the 
Primaries matching white, the white point has the co-ordinates (0333, 
0333), The position of the spectrum hues is shown. A colour which i 
20 


THE THEORETICAL BASIS 
the mixture of two others will lie in the straight line joining the points: 
locating these. It follows from the properties of the colour triangle that 
the colour resulting from any visible radiation must fall inside the area _ 
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Fro. 125.—Saperimposed distribation coeficient curves of 10 observers (W, D. Wright). 
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bounded by the spectrum hues, since such a colour must be composed of 
‘one or more monochromatic radiations. 

‘The primaries in the above figure are impossible to match (hor have 
‘We any normal experience of them) without assuming negative valves. 
The negative coefficient can be found by adding sufficient of the primary 
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concerned to the spectral colour until the mixture can be matched, and 
then measuring the amount of desaturating primary introduced. Sub- 
‘traction of this quantity from the quantity of the primary in the mixture 
gives the required negative amount of primary. 

W. D. Wrights famous determination of the trichromatic data, 
averaged with that obtained by J. Guild of the National Physical 
Laboratory, was adopted by the International Commission on IMlumina- 
tion in 193] as the basis for the C.LE. (LCL. tristimulus values. The 
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Flo. 126—Colour tingle showing mean special focus of 10 obsrvers ad white 
ois OF 36 observe (WD. Wright) al 


‘mean wavelengths of the primaties used by Wright were 650 My red, 
$30 My ereen, and 460 My blue. 


Provided the cooficints of one sé of primaries are known in ier of. 
the cuties funy colour xpd none ss ane apse oe 
other system simply by means of arithmetical trunformations. This important, 
‘it at once follows that itis of no theoretical consequence what primar ave 
Aused—since the results can be transferred to another set if desir. ‘Tho ten that 
special primaries must be wed is fake and the practical ndvantages of one set oner 
fanother one are all that have to be considered" (W. 1D, Wright 


In Fig. 711s shown the mean set of curves obtained from Fig. 125, It 
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must be remembered that these are mixture curves and have no theo- 
retical significance, as they are not sensation curves. 

The dats of Fig. 12Sare represented in Fig. 126 by the spectral locus, 
the scale afong the line giving wavelength in microns. Note that the 
difference between this triangle and the triangle in Fig. 1241s due to the 
use of hypothetical primaries in the first case and real primaries in the 
second, Inside the triangle Wright has plotted the” white poiats "of 36 
“observers, The varistion in the position of white is concluded to be duc 
to the variation in the density of the macula pigment and its variation 
in dominant hue. The variation is surprisingly big. 

For detailed treatment of the methods by which the tristimulus values 
were calculated the reader is referred to the original paper (13), 





Colorimetry 
The CALE. (1.C.1) Trichromatic System 


1. A normal observer can match any colour stimulus by mixing the 
fight from three suitably chosen stimuli in the proper proportions, 
but the matching of spectral radiations involves the use of nega- 
tive coefficients, 

2. Colour-mixture data have been determined for an internationally 
accepted group of observers by use of a colorimeter with which 
chosen. primaries were mixed to match monochromatic light 
throughout the spectrum, 

3. In 1922 the Colorimetry Committee of the Optical Society of 
America published standard data, In 1928 Guild and Wright 
re-determined these fundamental data, and the International 
Commission on Ilumination standardized the data in 1931, 

4, All sets of real stimuli make it necessary to wse negative amounts of 
at least one of the primaries. To avoid negative amounts stimuli 
‘must be used which could have noactual existence. Such imaginitry 
REFERENCE STIMULI have been adopted in the C.1LE. System 
and are known as X, Y, Z. The units are so chosen as to make 
amixture of equal quantities of the three homogeneous stimult 
chromatically equivalent to a heterogeneous stimulus for which 
the total energy of the radiation of all wavelengths between any 
‘wo limiting wavelengths within the visible spectrum is a constant 
multiple of the difference between these limiting wavelengths. 
The relative luminosities of the units of the three homogeneous 
stimuli for the Standard Observer arc in the ratio 1: 4-5907; 0-0601. 
‘These stimuli are generally denoted as R, G, B. 

5. The four stimuli, known as CARDINAL STIMULI, which define the 
standard colorimetric scales consist of homogencous radiations of 
wavelengths 700 My, 5461 Mu and 435-8 Mu and the radiation 
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from standard [uminant B, These stimuli are assigned the 
following values: 

073467 X-+0:26533 Y-+0:00000 Z for 700 Ma. 

27376 X+-0-71741 ¥-+0-00883 Z for $461 Mu. 

O166S8 X+0 00886 ¥ + 082456 Z for 435.8 Ma 

034842 X-4035161 ¥-+-0-20997 Z for Mumia B, 

038533 X}033333 ¥+033333 Z for Equal-encegy Stimulus. 

6, The DISTRIBUTION COEFFICIENTS of these stimuli in an equal 
energy spectrum are denoted by 2, 9, # in the C.LLE, System and 
defined is a table of figures which represents the characteristics of 
the Standard Observer (see table below). ‘The values indicate the 
amount of each of X, Y, Z, required to match a unit quantity of 
tadiant energy of the various Wavelengths, 

7, The three co-ordinates of a colour in the C.1.E, system are known as 
CHROMATICITY CO-ORDINATES and. are denoted by x, Y, % 
These quantities are respectively u/(u-j-v-+-w), v/(u-+-v4-w) and 
wiutv-+-w), where 
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SSpectral reflection or transmission factor of the hb 
aint = Spectral dation of the Murnane.“ BOW 


8. 4, % W, respectively are the amounts of R, G, B (or in the case of the 
G.LE, system, X, Y, Z), required to match a colour C measured in 
some convenient unit, uy y-and W are known as TRISTIMULUS: 
VALUES. 


C can be expressed! algebraically by the equation 
CauRtv.G+w.B 
9. ‘The C.LE. trichromatic system of colour specification employs three 
imaginary reference stimuli denoted (see para. 4) by X,Y, Z. 
‘The X and ¥ co-ordinate wxes are chosen to lie in the plane of 
the alychne.t They therefore have zeto luminance so that the 


* Alychne.—The focus in a trichromatic co-ordinate system of colours of zero 
r this i the w 
ance, 1h a plane posing through the origin and Iying wholly ous the 
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relative luminance of uny stimulus is given directly by its Y co- 
ordinate, The XY plane of the System is made tangential to the 
red end of the spectrum ldcus (Which approaches a plane in this 
region) and the YZ. plane passes close to the spectrum locus, with= 
‘out touching, in a direction which gives a favourable disposition of 
the spectrum locus within the sector formed by the co-ordinate 
axes, The C.1.E. tristimulus values u, v, w are therefore positive 
for all real stimuli including spectral colours. An equal energy 
stimulus is used for the basic stimulus (1), 





Standard Colour-Mixture Data 


‘The colour-mixture curves (Tristimulus Values) upon which the C.1.E. 
colorimetric system is based are geometrical, linear transformations of 
Wright's and Guild’s curves averaged (J. Guild, Phil. Trans, Roy. Soc 
A230, 149, 1931). These two sets of curves possessed negative values for 
‘some wavelengths. ‘The C.1.E. curves are conveniently computed 50 as 
to have no negative values, and they correspond to wholly hypothetical 
fundamental stimuli, and, moreover, the green curve has been made 
identical with the relative spectral luminanice function (see page 224). 
Ofcourse, no wctual observations of the mixture yalues of real colours of 
the spectrum or otherwise could possibly result in such curves; never 
theless they express and include the factual data upon which they are 
based. ‘The whole system has been devised for convenience of calouli~ 
tion. The ordinates of the curves are expressed in arbitrary units so as to 
make the areus under each ctirve equal when the data are plotted to 
equal scales. 

As we have had previous occasion to remark, such colour-mixture 
data are absolutely independent of all theories of colour vision. They 
fare based on a phenomenal fact, the possibility of matching practically 
all colours with three, They do not explain why this is a fact. The 
Knowledge of this fact would have been enough upon which to base the 
‘methods by which colour photography has been achieved without taking 
into consideration any: hypothesis of the mechanism of colour vision, 
whether ithe that of Helmholtz or, in our day, Granlt. 

‘The chromaticity co-ordinates of a given sample of radiant energy are 
‘computed by integrating the product of the ordinates of one of the 
standard mixture curves multiplied by the distribution of energy wave 
length by wavelength in the sample. In the case of reflected radiant 
‘stergy the spectral composition is the product of the incident energy 
‘and the radiant reflectance of the surface. ‘The chromaticity co-ordinates 
$0 calculated are made numerically equal to the directional Juminous 
Teflectance of the surface for a piven distribution of radiant energy. 
Chromaticity co-ordinates of the radiant transmittance of a sample are 
‘caloulated in the same fashion. 6 
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Speetfication of Chromaticity in the Chromaticity Diagram 
‘Chromaticity can be specified by use of the proportions which two of 
the chromaticity co-ordinates bear to the total of the three chromaticity 
co-ordinates. These two proportions can be employed as co-ordinates 
for the representation of the chromaticity of a sample by the position 
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Fin: 127.—The spectral locus plotted on a rectangular diagram. 


of a point in a plane diagram, Such a diagram is called 2 chromaticity 
diagram {1 

The chromaticities Of the spectrum colours can be computed by 
dividing the ordinate of each of the colour-mixture curves at the ap- 
propriate wavelength by the sum of Uke ordinates of the three curves at 
that wavelength. The locus of the spectrum is the curve on the chroma- 
Hicity chart in Fig. 127. ‘The horizontal co-ordinate representing each 
236 
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spectrum colour is the ratio of the ordinate of ¥ in Fig: 55 to the sum of 
the ordinates at that wavelength of #, and 3. The vertical co-ordinate 
is the ratio of the ordinate J in Fig. 55 at the indicated wavelength to the 
sum of the ordinates. It will be seen that the curve defined by the co- 
ordinates representing the chromaticities of energy of the various Waye- 
lengths is smooth and continuous, and that its extremities are quite far 
apart. The point representing the chromaticity of the light from a 
source radiating equal amounts in equal intervals of wavelength through- 
‘out the spectrum has the co-ordinates 0-3333, 0-3333. These co-ordi- 
nates result from the fact that the integrals which give the tristimulus 
values of such light are proportional to the areas under the three 
colour-mixture curves, which three areas are all equal. 


CALE. Standard Muminants 

1, Daylight consists of a mixture of all the components of the visible 
spectrum in nearly equal proportions. At the C.1LE, meeting in 
1931 a light-source was adopted having a distribution of energy 
given by a filter used in conjunction with tungsten lamp 
operated at a standardized temperature providing a source 
closely approximating daylight. This source is known as C.L.E. 
Huminant C. 

2, Two other standards were adopted—Iluminants A and B, 

A is.2 projector-type gas-filled tungsten filament lamp burning at & 
colour-temperature of 2,848° K. C.LE, Iluminant B represents the 
yellower phases of daylight and is obtained by filtering Mluminant_ A 
With liquid solutions in a double glass cell. The colour of this filter with 
standard Iuminant A as an illuminant is 03482 X-+03516) ¥+ 
029997 Z (Smith and Guild, 1931), ‘The transmittance is 249 per 
‘cent. and the colour-temperature 4,860° K. 








Luminance 
Inorder to record the relative luminance of a colour at the same time 
8 its tristimulus yalues it was decided to make one of the three 
functions (viz., g) correspond with the relative spectral luminance 
function for the light-adapted eye. Hence the relative spectral luminance 
of a colour is indicated directly. by the value of Y on a scale that 
Tepresents an absolute black by zero and 4 perfect white by 100. 





Mleoninant © 

The light-source is a tungsten lamp operated at a temperature of 
2,848" K. The National Physical Laboratory can supply lamps which 
‘have been properly calibrated and aged. The filter consists of a double 
glass cell (white optical glass), each layer being 1 cm. thick, of the 
following solutions, C, and Cy: ee 
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Solution C,. 
Copper sulphate (CuSO,,SH,0) 
ecu 
Dis Water 10 make 





‘Solution Cy. 
Copaltanimoniun sulphate (CoSO, (NHS. 


LO) . 
Copper mihaiecusd,stio) ©. Slo Bah 
Sulphur tld (dena F838) ><! I tooee! 
Distilled water ty ake Seam (ar 
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‘Pio. 128—Spectral transmission of Chromex ‘TD "filter compared with a colour- 
temperature-raising filter of Meal characteristis. (Courtery, Dufay-Chromes Lud) 








Diufay-Chromex 114, manufacture « colour-temperature-raising filter 
known as“ T.D.”" which gives an exceedingly close approximation to 
the calculated ideal, The accuracy of colour rendering of Iiluminant C 
is to within 0-005 in y value on the CLE, (LCL) chart for any 
initial colour-temperatire and for all corrections normally used. For 
Illuminant 1 the accuracy is within 0:002, It is stable both to heat and 
light. ‘This remarkable filter is in some respects superior to the liquid 
filters, with the obvious advantages of lower cost and ease of manipula~ 
tion, Itis available in gelatine or cellulose acetate or cemented in lass 
of any specified quality. T.D. 1} is the equivalent of Illuminant C, and 
*T.D. | raises the colour-temperature from Wuminant Ato tiluminant B 
(Fig. 128), 
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‘The procedure of evaluating the chromaticity co-ordinates (x, y, 2) of 
colour is much simplified by use of the tables available in Professor 
Arthur C. Bardy’s Handbook of Colorimetry (11). These give amongst 
‘other data the product between the C.LE. illuminants and the distribu 
tion coefficients (according to Judd). The spectral transmittance or 
reflectance values are multiplied wavelength by wayelength by the values 
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of Ecg (where Ee is the energy distribution of C.1-E. Muminant Cand 
Z is the tristimulus value for the red primary), The product is summed 
for all wavelengths, and this process is repeated for 7 and 3, 


4 IHhuminant © corresponds with a black body at 6,500" K. 
Tiluminant B corresponds with a black body at 4,400" K. 
luminant E (equal energy spectrurn) is off the total radiator focus, but is 
‘estimated 10 lle between $,250° K. and SAS" K. (HG, W. Harding), 
ismainant D (ightly overcast sky) corresponds to a total rustiazor at 7,500" K 
‘Mlusninant $ (very blue sky), 60,000" K- 
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This gives the values of X, Y, and Z. 
The chromaticity co-ordinates x, y, = ure then derived as follows: 
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Only two of these quantities are independent, since x-+y 
regardless of the values assigned to x, y and z, Hence, to specily the 
chromaticity of a sample jt is necessary to give the values of only two of 
the three quantities (x and y have generally. been selected for this 
Purpose). Thus x and y are the chromaticity co-ordinates of the light, 
pigment, or dye to be specified. 

In the ease of a glass, the transmittance can be determined for a given 
illuminant by finding the ratio of the value of ¥ for this glass to the 
value of ¥ for a hypothetical glass whose transmittance is 1-000 for 
every wavelength, The values of X, ¥, Z for Illuminant C in Hurdy's 
tables are 

Xe 1,044) 
= Awe Product of illuminant distribution of energy and #, 9, 














Thus 
¥ (vale forthe sume 100, 
‘Y(1-00 thanamisfon Tor ait" Ht! transmittance per cent. 
wavelengths) 
In the case of Iluminant C the value of ¥ for 1-000 transmittance or 
reflectance at all wavelengths equals 1,064, 
Exactly the same method is pursued for determination of the visual 
efficiency of the reflected light from a pigment, dye, etc, 
Note;—'the symbols £, , £ denote disfoutlon coefficent for spectrum colors 
{equal energy). 
The symbols x, y, = denote chromaticity co-ordinates for the sample (or # 
spectrum colo) | 
‘The distribution coetficients that were adopted by the International 
Commission on Mlumination for the various spectrum colours are given 
inthe accompanying Table 43. The values of, 9, indicate the anrount 
of the C.LE. primaries required to match a unit quantity of the various 
‘wavelengths 
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Tante 43,—C.LE, DisraisuTion Coernicients 2, , = THROUGH THE 
EQUAL-ENeRGY SpecrruM. (C.LE. TaisrimuLus VALUES.) 














(AsaiDGeD) 

Wavelength 

(Millimicroms). x bd | ® 
400, 00143 | 00005 0.0679 
410 008s =| 00012 2074 
420 | 1348 00040, 06456 
40 | 07839 oolt6 13856 
440 03483 00230, 1747 
450. 03362 00380 47721 
400 02908 00600 16692 
470 195s 00910 12876 
420 0.0856 01390 08130 
bod 00320 02080 04652 
$00 | 0008 03230 07720 
ig: 00093 930% 01582 
$30 O16ss 08620 0.0922 
a 02908 09540 00203 
$50 04334 09950 ‘00087 
560 03945 09950 0.0039 
570 7621 09520 00021 
580, 09163 08700 ‘0017 
~~ 140263 07570 0011 
00, $0622 96310 ‘0.0008 
610 10026 05030 ‘0.0003 
20 oases 03810 ‘0.0002 
630, oe 02650 0-0000, 
40, O49 01730 ‘0-000 
650, o2a3s 01070 0.0000 
60 O16 00610 ‘0-000 
610 00874 00320 ‘0-0000 
680, ous 00170 ‘0-000 
90 00227 ‘0082 ‘0-0000 
700 otis ons ‘0-000 
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TANLE 44.—CiRomarictry Co-oKpINATHS OF THE SrecTRUM 
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RectANGULAR UNironst Cunomanicrry Scats Co-onpinares (F. C. 
BReckeNnipge ap W, R. ScHAUS)—FoRMULA AND TARLES 
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Fig, 130. —R-U.CS. Cheomaticity diagram (Hreckearldge atl Schaub). 


General transformation equations for transforming tristimulus 
oefticients— 
(0) LEA. into R.U.CS.: 
to SO Ee ea re e 
fo 2pm 
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304- of three uniform chroma LE, 
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‘colours (Breckenridge and Schaub). 





(6) R.U.CS, into LCL: 


¥= 4033078 000224 5+ 026455 
$= 013857 24012182 > 0.09555 
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(BRECKENRIDGE AND ScHAUB) 


R.U.CS. Co-oRDINATES (A=770 Mu At x’=0, =O) 


‘Taste 45.—Trisrmtiius DisraisuTion Coerricients FoR CoMPUTING 
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(BRECKENRIDGE AND ScHAtD) 


TAnLe 46.—TRmLINEAR Co-ORDINATES OF 
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co-ordinates — 
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‘Transformation equations for transforming 
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‘Taste 47.—Tuirry Setecren Onpinates ror ComPurinc 
R.ULCS, Co-oxpinates—PLANCKIAN SOURCE AT 
2,842? K. (C,=1/432 ow.) 

(BreckeNeipce AND ScHAUD) 
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(4) RUGS. into LCL: 
£0906325 2° 034073 y +025264 
= $100000 x= 091564 FOI 
= 0.20358 x' + 002509 4007128 
FIOO00 <= 0-318 5034389" 
(©) Luminosity cocfficients for R-U-CS. system: 
Le—013857, Lym —012182, Le =0-09554. 
(A) Luminosity coefficients adjusted to make Ly equal unity: 
Lem 113751, Ly=1400000, Le0-78431, 
{g) Trlinear co-ordinates of important illuminants: 
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‘The C.LE system of measuring colour may be explained to the non= 
technical reader perhaps more clearly by reference to a diagram by 
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D, L. MacAdam illustrating his well-known paper "' Fundamentals of 
Color Measurement "* (Fig. 131). The curve in the upper left corner of 
the diagram represents the spectral reflectance of a green object for 
very wavelength of the visible spectrum from violet on the left to red on 
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the right. This is known asa spectrophotometric curve, The curve in the 
upper right comer represents the distribution of energy of Iluminant C. 
The energy reflectance of the sample in this illuminant at a given wave- 
length is the product of the values at that wavelength indicated by the 
upper two curves. ‘The product of these is shown in the curve below. 
The three colour-mixture functions adopted by the International Com- 
mission on Illumination aro represented by the curves #, J 3. Light of 
each wavelength reflected from the sample contributes to each primary 
of the colour specification an intensity proportional to the product of 
the energy and the corresponding function. ‘The three curves resulting 
from these multiplications throughout the visible spectrum are shown in 
the bottom three curves, The areas under these curves are the totals of 
the contributions of every wavelength throughout the visible spectrum 
of the intensities X, Y, Z of the standard primaries necessary to match 
the sample, 

Another and more rapid method of computing the tristimulus values 
hhas been devised, ‘This is known as the selected-ordinate method and 
‘consists in averaging the values that the reflectance curye of each sample 
attains at certain wavelengths, which have been published, ‘The thirty 
Yettical lines in Fig, 132 are drawn at the wavelengths at which the 
Tellectances should be read from the curve of the sample, and averaged 
in order to compute the tristimulus value X: The values of the reflec 
lance at the wavelengths indicated by the vertical lines in Fig. 132 () 
should be averaged in order to compute the tristimulus yalue Y. 
Finally, the values read from the curve of the sample of the wavelengths 
shown in Fig. 132 (c) should be averaged to compute the tristimulus 
value Z, ‘Transparent templates, on which lines are ruled corresponding 
{0 the vertical lines in Figs. 132, (a), (b), snd (.), can be prepared, to be 
placed temporarily over the spectrophotomettic curve drawn’ to a 
standard wavelength scale, as aids to calcilation. ‘The three sets of 
wavelengths haye been derived from the colour-mixture functions 
adopted by the International Commission and shown in Fig. 55, und 
from the energy distribution of the light-source, 
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Summary 

By this time the reader may have some idea of the complex process of 
transformation which must be carried from stage to stage with the 
minimum of loss (see page 45). It is very wonderful that the repro- 
duction image focused upon the retina bears as close a resemblance as it 
does to that image which it would have received from the original, 
especially when we consider that distortion can so easily occur at any 
stage in the process (Figs, 10 and 113), There must be « competent 
specialist in control at each stage in the recording and reproduction 
Sequence. Consider the following recapitulation’: 

1. The right subject matter must be chosen for photography. In the 
studio there must be controlled selection of pigments, make-up, 
fextures, found by experiment to reproduce consistently, 

2, Suitable illumination muist be used; its spectral energy distribution 
‘well understood relative to the sensitivity of the film and the 
transmission of the filters. Its distribution must be such as 10 
‘avoid sundue contrasts of luminance, its intensity, sufficient to 


‘expone fully the negatives. 
A lusive do 
toy nna eres aso as eadacome, Asso yt ii daha! 
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3 The highest-speed, finast-grain, panchromutic emulsion must be 
chosen to record the colour analysis; as even in its response to 
the visible spectrum as it can be made, This is available now, 

4. Correctly balanced analysis filters must be used such as to record 
identical densities for all steps of the grey scale. 

5. A beam-splitting system must be used for the camera, capable of 
Providing two geometrically identical images, parallax free 
and of identical magnification. The finest. colour-corrected 
objective is essential; the images to be preferably of normal 
dimensions, 

6, The negative or negatives must be developed in fine-grain developer 
toa gamma of, say, 0:65. If the negatives are on separate films, 
then they should be developed to different times to compensate 
for the colour gamma effect, in order that their gamma should be 
identical: 

7, A subtractive printing process must be chosen which is capable of 
registering every gradation in the negative for each subtractive 
Primary, The subtractive colours must be as nearly theoretically 

Lorreet as it is possible to obtain—magenta, yellow, and cyan. 
The colours must be reasonably fast to light and as transparent 
45 possible. The balance of the three printings must be such 
as to yield a perfectly neutral grey scale. The printing must 
be consistent. The sound reproduction should be equal to 
normal blick and white. These conditions should be inherent 
characteristics of the materist and are largely met by the manu- 
facturer in the case of integral layer films such as Kodachrome, 
Ansco Color, Agfacolor, or Ektachrome, 

8. So far we have hypothesized a subtractive process, ‘There is, 
however, one practical additive process, Dufayeolor. Conditions 
44nd 5 are eliminated, except in so far as the objective is con- 
cerned. Balance of trichromatic printing must be obtained by 
careful grading, 

9 The film must be projected with as neutral a white light as we can 
obtain with existing carbons, the spectrum of the source of 
light having no marked dominant hue and an unbroken wave- 
Tength range. 

10, The sereen illumination for the white part of the picture should not 
fall below 10 foot-candles. The screen must be as perfect a white 
4as'we can get, having no selective absorption and possessing the 
maximum reflection power. 


fi, The 6¥¢ of the observer will, we hope, be normal inits response to 
colour. 


When approached by people who state that they are the owners of the 


World rights of a perfect three-colour process, if suliciently impressed 
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by a demonstration reel and desirous of giving the process & practical 
test, the following trials of the system are suggested: 

1. A perfectly neutral grey set must be reproduced. Black, grey, and 
White costume, In fact, black, white, and grey everywhere 
except the flesh of the actor. If the set is photographed minus 
actors, when it is projected it should be practically indistinguish- 
able from a black-and-white film. This condition is very difficult 
indeed to fulfil. 

2. No fringing whatever must be visible, even on closest inspection. 
Such fringing as occurs is due to faulty registration in printing, 
unequal size of images, parallax, etc. 

3. Adequate exposure must be obtained with less than three times the 
illumination brightness normally used. 

4. A lemon-yellow band should be painted on a white background 
and photographed. The lemon yellow should be accurately 
reproduced. Against a neutral grey background photograph a 
‘band of vivid emerald green; ditto with violet, ultramarine blue, 
magenta, cerise pink, olive green, turquoise blue. Note the 
Teproduction of these. 

5. Finally, photograph a close-up of 3 face with no make-up, and 
inspect the reproduction of that particular complexion, 

6. Photograph a draped curtain of some desaturated colour such as 
pale blue. Take 100 ft of film and examine the print for 
variation, flushing, and steadiness generally. 

7. For a rough resolving power test, photograph a newspaper $0.45 
just to fill the frame, and see how much you can read on the 
screen and also how much can be read through 2 magaifying- 
lass when the film is inspected in the hand. 

8. Photograph a dozen of the studio staff standing 30 ft. away from. 
the camera using a 40-mm. lens, and see whether you can 
recognize them individually on the screen. 





‘Two-Colour Cinematography 


If reproduction of nature is attempted with two colours only, our 
choice is determined by practical considerations, and certain com- 
Promises must be made. 

‘That a representation of nature in two colours only is acceptable to 
the eye is due to the fact that pairs of hues—namely, two visual stimuli 
differing in spectral distributios—may be chosen which, when added. 
produce the sensation white (see table of complementaries*), or which, 

* Complementary pairs of colours are defined as those which whea combined 
produces ur olor icing sun aprecpon seta achromatic colour. 
Fes of diferent samples of ight which produse an achromatic tina when 
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When constituting the transmittances of transparent substances and 
‘Subtracted from each other, completely absorb each other's transmitted 
light. No pair will be of much use unless we can obtain black and grey 
(therefore a complementary pair), and of possible pairs red-orange and 
green-blue is the only one suitable, since it is evident that it would not 
be possible to represent an approximation to the general appearance 
of nature with any other pair—as, for examiple, yellow-orange and bluc- 
green, or yellow-green and blue-violet, though such pairs are quite 
capable of giving perfect greys and blacks. And the same applies to a 
Pair such as magenta and green. It is essential to represent, with some 
semblance to truth, the sky, and flesh, and foliage. This means that we 
‘must choose red-orange and green-blue, The records must be the com- 
plementaries of these reproduction hues; therefore the negatives must 
be recorded through filters which respectively absorb these wo regions, 
‘of which in any case absorb radiant energies which are capable of 
stimulating these two colour sensations. 

But it is impracticable to use recording filters which are teuly comple 
‘mentary, for the following reasons, 

Consider the reproduction of pure biue-violet and ulso of violet. The 
transmission of a filter which is complementary to red-orange would 
necessarily transmit the remainder of the spectrum—namely, everything 
from yellow to violet (this is a green-blue such as Wratten No, 43), Now, 
4 negative exposed behind such a filter would record density for all 
Wavelengths, say, from 580 Mjs to 400 My. Transparencies on this 
negative represent values to be printed in the colour of the light not 
recorded by the negative—viz., red-orange, or miqus green-blue. There 
fore no red-orange is printed for the region 580 My: to 400 My. Simie 
larly, the red-orange filter records density for all wavelengths from 700 
My to $80 Mp. ‘Transparencies on this negative represent vallies to 
be printed in the colour of the light it did nor record—viz., green-blue 
(minus red-orange), Therefore no. gréen-blue is printed for the region 
700 Mj: (o $80 Myc; but Full green-blue is printed fram $80 My (o400 Mj, 
and we have observed above that no red-orange is printed here. Hence 
deep blues and violets of 490 My. to 400 My: are represented in the syn 
thesis as pure green-blue, which is a very unsatisfactory effect, For this 
Feason a filter i$ chosen which does not record between 450 My. and 
400 My. Therefore this region is printed in red-orange. It is also printed 
in green-blue (see above), so that the region 460 Mj:to 400 My is syn- 
thesized by green-blue and red-orange superposed—or black; a better 
effet than green-blue a the psychological effet is not unlike that of a 

-p blue. 


combined i suluible proportions are sail (o have complementary chromatin. 
Samples of light which have complementary chromatisties and uljo the proper 
“amounts of luminous flux to produce an achromatic méxtire are suid to have com 
plementary colours. (See Table 69, page 638.) 
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‘Consider the reproduction of the spectrum: 
 Red-Oranpe Record. Green-blue Record. 
fice Densi Ret | Printed in 
Yelow |e Yelow 
BheGren Printed in Boece Dens 
‘Blue. Vilet | reo-Bive Ble voi bisa 


The superposed subtractive syathesis would then be: 
Grange | Red Orange 
Yaow J 
a 
Bibs Green| 
Bite ue Green 
Boe Violet 
Vio 


A satisfactory compromise is to use a green-blue filter which does not 
transmit blue-violet or violet, thus: 


‘Red-Orange Recont. Greew-Blue Record. 
on Grange | rine io 
vate jens Yalow jWed-Orange 
Dens 
Bhtren ated Sie-Grea } ime 
He vit [cresccioe: Hie vit Printed in 
} Ked-Oratye 





‘The reproduction of the spectrum would then be: 


Red 
Orange | Res-Orange 
Yellow 

Perea! 

Blue-Green | Green-Blue 
Blue 


i Vik) ed Orange minis Bl Gren: or Bick 


The reproduction of the spectrum is, of course, only of theoretical 
interest, We know that orange and yellow objects reflect green light in 
abundance. Therefore these objects will record through both filters, 
‘The recording of the principal hues as ordinarily occurring in nature ig 
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Ret ns 
Orne 3B 
Yaw #3})3 
Gros 2 
Blue-Green if E 
Blue é 
Bive-Vioie $1 
Vioiet a 


Hence the yellow region will be reproduced with equal quantities of 
minus red-orange and minus green-blue—or grey. This is not very 
Satisfactory, since yellow is important in flesh tones. We cannot possibly 
‘obtain a yellow by any mixture of red-orange and green-blue, but we can 
Tepresent yellow by a pale red-orange (e.g., a pale salmon pink). This is 
‘accomplished by arranging for the two filters to have the same trans~ 
mission at a point somewhat further in the green region rather than at 
the yellow part of the spectrum. It is found that a green of about 575 
‘My is best chosen as the part of the spectrum to be reproduced a3 grey. 
Thisis the case if we make use of filters such as Wratten Nos, 28 and 40A 
tecommended for two-colour recording with high-intensity tungsten 
Jumps as the light-source (Table 48). 

‘The total range of colours obtainable from a pair of complementaries 
is found in a cross-section of the "* colour solid "* (a construction 
consisting of two pyramids base to base, having two sides curved and 
bulging somewhat irregularly), Such a section will consist roughly of 
two triangles base to base (Fig. 139). 


Tams 48 
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“The Wratten Filters 28 and 40A have the following chromaticity co-ordinates in 
Mlisminant C. Dominant wavelength end excitation purity are ako given: 








= |. | 








Ota 
No. 26 - | 06635 03363 | goa t000 
No. 40 | ogee 


0366 | 5147 46 





This is another way of stating that we can obtain every degree of 
desaturation of each of these hues and every degree of lightness. The 
range may be diagrammatically represented, but the diagram has no 
real significance in so far as the relative position of the colours shown 
below is concerned. 

‘Table 49 indicates how the principal colours are reproduced in a tWo- 
colour process: 

Taste 49 


Colour Reproiduced. 
White 





1 Se GropaBtne 
Se aee 

Deep Greco-Blue 

‘Blackish Groca-Blue 





* Grey RelLOrsnge 
|) Fairly correct (Lones of Salmon Pink) 
2 Grey Bluish Green 

{Pale Blue-Greea 
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‘The table shows why, in two-colour processes such as. the earlier 
Technicolor, and to some extent in the new“ Technichrome,” there 
Was such an insistence upon a cutious salmon, or coral, pinkish orange, 
and in contrast to it tones of greenish blue, 

In order to recover the missing yellow, some workers haye dyed the 
whole film yellow or used a yellow-dyed base for the positive film, but 
this trick involves the sacrifice of most of the blues, since yellow is the 
subtractor for blue (minus blue Jr yellow), 

In Hamburger’s~* Polychromide "* process the two colours were each 
mixed from a pair. For instance, the red-orange was a mixture of 
magenta and suramine (yellow), Hamburger held that the auramine 
had some mysterious sympathy for the parts of the image correspond- 
ing to yellow in the original. This was absurd, but there was an un- 
questionable tendency for the lighter tones to be reproduced as pale 
gold, or at times even as yellow—and this effect was due to the fact that 
in the clearing-bath, which followed the chromium bleach mordant, the 
‘magenta was removed more quickly than the auramine, with the result 
that the lighter densities of silver dyed with this mixture were very nearly 
free of the magenta component. Exactly the same principles applied to 
the green-blue, which he mixed with malachite green and a deep purple- 
blue dye.* This species of dichroic effect can be made good use of in 
two-colour processes to camouflage their shortcomings. Hamburger 
claimed to reproduce foliage as green, and the sky as a purplish blue; 
and some prints which the writer has seen nearly substantiate his claims. 


‘Two-Colour Analysis and Subtractive Synthesis 


The methods of recording are discussed elsewhere. Perhaps the 
‘simplest method js to use a bipack, and this has been used far more 
frequently than beam-splitting. On the other hand, the beam-splitter is 
the only means by which quite perfect negatives can be made. If the 
synthesis is to be by some subtractive system of printing, full-sized 
‘images should be recorded, Suitable cameras haye been made by 
Technicolor, Dufay-Chromex (Coote), Hamburger, Brewster, etc. The 
Cinecolor (British) and Raycol type of beam-spiitting prism system, in 
Which pairs of small negatives occupy the area of a normal frame, could 
probably be designed (0 take two full-sized pictures, but such systema 
have the disadvantage of requiring two or more lenses, Focusing is 
dclicate and change of focal langth of the lenses is extremely difficult, 
Each focal length generally involves a separate prism divider. Printing 
from a single film carrying full-sized pairs of records necessitates: an 
optical printer by which every other negative image can be successively 
Printed on one side of a double-coated film, Thus the negative printing 
gate of the optical printer moves the film two frames to one of the 
Helio Safranine, 
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positive gate, so that only alternate frames are printed, the other frames 
being skipped. Kelley designed a skipping contact step-by-step printing. 
machine which eliminated the necessity for the slow-working optical 
printer, while at the same time definition was improved. 

On the other hand, bipack negatives can be printed contact on to 
either side of double-coated film. ‘The only requirement is that the 
printer should have pilot pins which ought to be reversible, so that 
‘when the positive film is turned over for printing the other side the full- 
fitting pilot pin always engages the same perforations. 

Debrie made a very good contact step-by-step printing machine 
based upon a patent of Hamburger, in which the double-coated posi- 
tive film is sandwiched between the two negatives, Both sides of the 
film can be printed simultaneously, there being two light-sources which 
are independently controlled by the usual Debrie light-change mech- 
anism, Multicolor imitated this type of printing machine. 

“Duplex” printers with pairs of gates side by side are used to- 
oy for printing Trucolor at the laboratories of Consolidated Film 
industries, 





Additive Two-Colour Synthesis 
From colorimetric point of view, the colour resulting from the com- 

bination of two kinds of light—for instance, the colour of the light 
reflected by a surface illuminated simultaneously by two souroes—has 
{tristimulus values which are the sums of the corresponding tristimulus 
values of the two colours which are produced by the separate action of 
cach of the constituent lights. If the tristimulus values of the colour 
produced by one of the component lights ure represented by Xi, Yj, Zi 
and if the tristimulus values of the colour produced by the other com- 
ponent are X,, Y,, Z;, then the colour produced by the combined action 
Of the two lights is specified by the tristimulus values: 

FR 

Y=¥it¥s. 

ai 
‘The corresponding chromaticities are represented by the co-ordinates 
«X, ¥\), (X. Yo), and (X, ¥). It can be shown that the point re 
Presenting the mixture is the centroid of the two points (Fig. 133) 
‘fepresenting the components, these points being weighted with the sums 
Of the corresponding tristimulus values: 





aateymexmalime ms — 
FaSimtmbetm 8) 

‘where 
mkttee © 

and 


mpaXitYerZe 
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Similarly, the point representing the chromaticity produced by the 
mixture of any number of component lights can be shown to be the 
centroid of the points representing the constituents, each of these points 
being weighted by the sum of the tristimulus values of the corresponding 
constituent. Therefore the point representing the mixture must lie on 
the straight line between the points representing the constituents, and 
the chromaticity of any sample of fight is the centroid of the points 
representing all the spectral components. All spectral components 
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Fis, 133.—Chromaticiies of certain pairs of Wratten filters for two-colonr additive 


‘are represented on the curved locus of the C.LE. (LC.1) diagram; 
therefore the centroid representing any colour must lie within the area 
‘enclosed by the spectrum locus and the straight line connecting its ex- 
tremities. This area therefore represents the total extent of physically 
realizable chromaticitics, 

‘Additive two-colour synthesis is capable of remarkably close 
approximation fo the appearance of nature, Although there is a total 
absence of genuine yellow, yellow-green, blue-Violet, purple, magenta, 
rose, pink, and all desaturations of these hues, nevertheless, by a partly 
Psychological process, these colours often appear to be present in the 
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picture, perhaps: owing to our expectation that certain colours are 
associated with certain objects. One his seen a field of daffodils repro- 
duced convincingly, yet there can have been no pure yellow on the 
screen. The same phenomenon is seen with many other colours. By 
some magic of simultaneous contrast blonde hair will seem blonde 
when it is really rendered as a pale greyish orange; grey-bluc-green 
leaves look yellow-green and browns masquerade us violet. 

But the full wonder of simultancous contrast is revealed in the 
device of substituting the unfiltered light of the arc for the green-blue 
filter, This was invented by William Fox and William Harrison 
Hickey and Kinemacolor of America in the earliest days of colour 
films, It was later “* re-invented “ by A. Berardi for Raycol, who 
probably discovered the effect accidentally. In any case, it is surprising 
how much can be obtained if one picture be projected through a red- 
orange filter and the other with no filter whatsoever. Under these con- 
ditions we can consider one of the two additives as a desaturated bluc- 
violet (bluish white), because this is the appearance of the radiation of 
a cerium-cored carbon are (high intensity). This blue-white will occur 
throughout the picture in proportion to the presence of green-blue 
light in the original subject. By means of simultaneous contrast with 
tthe various tints and shades of red-orange, the apparent saturation of 
the blue-violet becomes very. much intensified. The: writer has seen 
pictures thus projected in which blucbells have assumed. their normal 
hue, and a pale blue dress was admirably reproduced. The gensral 
colour effect is dignified, restrained, and very pleasant to look upon. 
‘The mind overlooks, somehow, the numberless inaccuracies which 
must be inevitable (see page 266). 

It would be easy to apply the same principle to the subtractive syn~ 
thesis. The silver image printed on one side of double-coated stock 
would have to be dys-toned, or metal-toned, or colour-developed red- 
orange; while the other side would have upon it a normal black-and- 
White image which had been left unchanged after normal processing. 

‘When the synthesis of a two-colour process is additive, the question 
of the heat to which the projection filters are subjected becomes serious. 
In the Raycol process it will be recalled that a split projection lens was 
used. This unit consisted of two projection lenses of, say, 24-in. focus, 
‘which had each had about one-third of the lens cut off. By this means 
the centres, or axes, of the lenses were brought close enough together to 
correspond to the separation of the axes of the.two Tittle pictures (Say 
Timm.) occupying the area of one normal frame. The only place for a 
filter is immediately in front of the lens, Gelatine filters in this position 
rapidly deteriorate, but there are coloured glasses available whose ab- 
sorption characteristics are close to the theoretical two-colour additive 
primaries, A selenium glass is suitable for the red-orange, and an iron 
and copper slass (Chance's “* Calorex ") has the requisite absorbtance 
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of red and transmittance of green and blue. To-day the problem is 
solved by heat-absorbing glasses. possessing little selective absorption 
in the visible region, such as Chance's ON 20. A piece of ON 20 glass 
3mm. thick will sbsorb at least. 90% of the heat and transmit 87% of 
light. 
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Additive Processes 





Let there be Hight,” said God; and forthwith light ethereal, first of things, 
‘quintessence pure, sprung from the deep: and. from her native east, 10 journey 
through the xery gloom began, spbered in a radiant cloud —MU-0N. 


Involving Optical Accessogies in Projection, or Special Camera 
‘Arrangements, or Both 

‘N additive processes of this class the primary elements are combined 

(viz., added to each other) upon the screen, or added as sensations 

received successively at such a frequency that the individual stimuli 
blend. Thus images may be combined simultaneously. or successively. 
Each primary-coloured picture which is to form part of the combination 
must be separately projected. Each clement represents correct pro- 
portions of one of the primary colours. In this category the positive 
fiim is generally black and white, although it has also been proposed to 
stain each separate image with its correct projection filter, In the 
process of C. H. Friese-Greene exhibited in 1925 the alternate frames 
‘were stained red and blue-green, thus dispensing with the rotating 
colour disc on the projector which persistence of vision systems require. 
Each positive part-picture has to be projected through « filter similar to 
(but generally more saturated; narrower wavelength cut) that which 
‘was used for taking the corresponding negative. 


ADDITION BY SIMULTANEOUS PROJECTION 

‘The principal disadvantages of this class of additive processes is that 
unless tivo projectors are used it is always necessary to substitute for 
the ordinary projection lens a special lens unit before the additive film 
can be projected. It is argued by enthusiasts that this is only a minor 
mechinical aspect, that some kind of arm can be attached to: the 
projector head upon which the existing black-and-white lens and the 
special colour projection unit can both be mounted, and that it requires 
‘only to be moved over into the axis of the projection beam in order 
to getcorrect focus instantly, Nevertheless, projectionists dislike moving 
their lenses for quite natural reasons. In some systems itis necessary to 
spend considerable time in adjusting a colour ens unit in order to 
Obtain accurate superposition of the two or more part-pictures upon the 
‘screen. The adjustment will be required in every theatre owing to local 
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conditions, Jenzth of throw, size of screen, and-so on. Unless every 
theatre could be equipped! with a standard colour projection unit which 
could be relied upon to give perfect results at all times, itis difficult to 
See how the sponsors of such a process could avoid spending a great 
deal of money on special service mechanics, who would have to make 
the essential trial of projection before the arrival of a colour film at a 
theatre, Furthermore, in the event of several different processes each 
endeavouring to exhibit their films at the same theatre, the projectionist 
Would have to be something of an optical expert to effect the rapid 
changes of lens unit between the showing of successive films. Neverthe- 
less, money continues to be spent on the development of additive 
processes, and films have been completed only for their producers to 
find that the task of renting them, and at the same time making certain 
of udequate projection, limits their exhibition to the very few theatres 
‘having managers who can be persuaded to experiment. It seems almost 
certain that projection troubles will inevitably bring about the extinction 
of additive processes, more especially now that satisfactory colour-on- 
film processes are available. 

On the other hand, the additive processes possess the undeniable ad- 
‘vantage of cheapness of production, since the cost is identical to black- 
aand-white, and the projection positive is always a straight print from the 
negative. ‘The part-pictures usually occupy the space of a single frame, 
50 that no extra film is needed, and the stock used is, of course, normal 
fine-grain positive. 

Another defect of processes of this category is loss of light in projec- 
tion. In two-colour processes the luminous eiliciency may fall well 
below 25 per cent: of the black-and-white image, and cannot possibly 
exceed 50 per cent. The projection lenses, when arranged in pairs, must 
have their centres not more than 7-5 mm. apart. Thus to obtain a 
reasonable aperture the lenses must be almost cut in half. The three- 
colour lenses are no mote efficient; in these the normal aperture of the 
black-and-white lens is divided into three segments. ‘The loss of light 
due fo absorption by the colour filters is very serious, as saturated 
colours of narrow spéctral transmissions should properly be used in 
‘order to conform to the theoretical conditions, It was no doubt owing 
0 poor illumination that in the Raycol (two-colour additive) process 
white light was substituted for the green-blue filter. 


ADDITIVE PROCESSES: TWO-COLOUR 
General, Requmeseyrs 
Camera—A pair of tenses of focal length suitable for substandard 
film, say of 25 mm, or 35 mm., mounted very close together, with 
centres at 7:5 mm. A$ the two pictures-will have been taken from two 


* A possible set of glasses would be Chance's OR 2:(Red). OGr 1 (Green), OB 10 
(Bue) 
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Fra, 136—Raycol postive 





Fin. 134—Early Raycol positive. 











ADDITIVE PROCESSES 


points there will be parallax fringing unless the light is split into two 
beams before reaching the lenses. This problem has been solved by 
more than one optical arrangement. The size of each picture is approx- 
imately 8 12mm. The two pictures may be placed side by 

beneath the other within the space of one frame (16x24 mm), or in 
some position on two adjoining frames provided the camera has a gate 
of the right dimensions. The appearance of the finished positive is 
normal, except that the pictures look like a print from a substandard 
negative on 35-mm. film, The pictures are grouped in pairs slightly 
Separated from each other by the masking. It is important that the 
Pictures should be carefully masked off from each other by a "*septum,”” 
‘otherwise there is some chance of the rays overlapping into the neigh- 
bouring picture area. 

Projection. —Projection is usually effected by a divided lens (in effect 
{wo lenses, as in the camera). Each half of the lens projects a complete 
picture in one of the two chosen colours. A red-orange filter is placed in 
front of one of the lenses, and a blue-green filter in front of the other, 
Alternatively, the blue-green filter may be omitted, and the blue part of 
the picture is then projected in the’ bluish-white light of the high: 
intensity projection are. By this method surprisingly good subjective 
bine tones are obtainable, Mechanical or optical adjustment must be 
Provided to move.one hulf of the lens relative to the other in order to 
effect accurate registration upon the screen. 

1n installing a lens in a given theatre, accurate calibration has to be 
carried out in the first instance to ensure superposition of the part- 
Pictures upon the screen, 











EXAMPLES 
Raycol Process. (Obsalete,) 

Camera—Operations were begun in 1928-9 with a rather elaborate 
Prism divider placed behind a single-projection Jens (Fig. 134). Various 
modifications were tried, but parallax was continually encountered, 
In 1931 the writer, in association with Messrs. Bellingham & Stanley 
Lid., designed for Raycol a beam-divider incorporating a plate of 
{celand spar. ‘This was the first time that « double refracting medium 
bad ‘been employed as the dividing element of a beamsplitter for 
colour photography, ‘Two objectives were mounted behind the prism 
nit. ‘The resulting pictures were entirely free from parallax, AS the 
light was plane polarized there was some reason to think that there was 
4in improvement in the photographic image owing to reduction of 
Scatter. The two pictures were disposed vertically one beneath the other 
on the standard frame, size each 8x12 mm., centres 7-5 mm. apart 
(Figs. 135 and 136). Taking filters wore Wratten Filters 28 and 40A. 
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‘The optical system was mounted on a normal cameraclens turret 
(Fig. 137). 

Projection. —A divided projection lens consisting of two sawn-off 
fenses. The respective half-Lenses were separated by a metal spring, and 
‘means were provided for increasing or decreasing the separation of the 
axes of the two half-lenses in order to obtain superposition upon the 
screen. The colour filters were made of glass, as considerable trouble 
was experionced with gelatine owing to the great heat to which the filter 
‘was exposed during projection. A selenium pot glass was used for the 
red-orange, and a very thin picce of signal green " copper glass for 
the blue-green complementary component. Originally Raycol had 





"Fo. 137—Rayool opi sat Belingham and Sankey, 


dispensed with the blue-green glass altogether, using white light only, 
and patent was obtained, although this suggestion was by no means 
now in the history. The effect was astonishingly good, and it is worth 
while considering in some detail how it comes about that a ‘* one- 
colour " projection system can give a fair range of colour tones. 

Consider the result in the case of an original colour which is not 
recorded upon either red or blue-green negatives; namely, a blue-violet. 
‘Thore will be transparency on either negative, henee maximum density 
‘on both positives; hence nothing will be projected, therefore blue is 
represented by black (Fig. 138), 

‘Consider the reproduction of primary green, There wil be no density 
‘on the red negative record and full density on the green negative; hence 
We have full density on the red positive and transparency on the white 
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projected positive (normally projected in blue-green); therefore green is 
reproduced as white, Desaturated greens must reproduce as more or 
fess warm greys if light, and cold greys if dark. Thus only red 
objectively reproduced with any approximation to truth, the remaining 
colours being reproduced ss various degrees of reddish grey, neutral 





Analysis Synthesis 
Red Record (——— EE 
ive Gove hecord SN ite 
Tegative Positive 
Aesitant on Sveen | Hid gy, =O Black 
190. 138, 


‘grey, or subjectively bluish grey. Yellow will be red plus white—a pink. 
White must necessarily turn out « light pink. By simultaneous contrast 
‘with the warm tone of reddish grey, the tones which are minus red_ will 
Appear singularly blue, especially in the higher lightnesses. These 
portions of the picture really consist of the light of the are projected 
through a greater of less density of silyer in the film. By the laws of 


w 


NG. RO. 





Fia, 139, 


contrast they tend to appear a colour complementary to their neigh 
bouring tones (in this case blue-green, which is complementary to red). 
‘The effect is further exaggerated by projection with « high-intensity arc, 
the light of which is a very bluish white, 

The total range of colour‘obtainable in such a system can be repre- 
sented in one triangular section of tt pyramidal colour solid (Fig. 139) 
bounded by white, red-orange, and black, which means that the spec~ 
trum would be reproduced approximately thus: 
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Tams 50 
Hue, Reproduction, 
Red nae ee Red 100 White 0 
Red-Orange Red 100 White 2s 
Orange Red 109 White 30 
Yellow-Orange =) | Red 100 White 75 
Yellow SON) Red 100 White 100 
Yellow-Green Red 20. White 100 
Green. White 100 
Bloe-Green > White 15. Grey) 
Blue White 50 (Grey) 
BlueViolet S| Black, 
Violet f Black 





Consider the reproduction of white by additive systoms such as 
Raycol, The white represents maximum transmission by both orange 
and white halflenses, 

Orange half transmits 22 per cent. of the incident light. 

White half transmits 100 per cent, of the incident light. 

‘The additive colour is 61 percent. of the original ight, and this 61 per 
cent. consists of 18 per cent. red-orange and 82 per cent. white (8 
pinkish white), 

With a blue-green filter transmitting 60 per cent, of the light, 

2 
+41 percent. willbe present on the sereen, This 4 per ent 
consists of 27 per cent, red and 73 per cent. blue-green. Thus the red- 
‘orange and blue-green combination would be two-thirds as bright as the 
red-orange and white addition, which isin its tum less than two-thirds 
‘of normal black-and-white brightness, 

‘Thus it appears that the substitution of white for blue-green in two- 
colour additive systems is a device which sacrifices colour range to 
“obtain increased screen luminance, and there is no question that a blue= 
green filter must give a much expanded range of hue, 
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Busch Process, (Obsolete.) 
(Eni Buse Optical Co. Lid, London.) 


German two-colour additive. process, 

Camera—The beam was divided at the half-transparent micrar 
surface $1 of a double prism (see Fig. 140), and the rays then passed 
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partly deflected and partly direct into the objectives OF and O2. FI 
and F2 were red and green filters, S2, $3, and S4 were mirror surfaces 
of prisms placed behind the objectives, The two pictures were brought 
to focusat BI and B2, The ray paths were identical in this system, and 
it was claimed to be entirely free from parallax. The images were 
turned sideways to the length of the film. An ingenious finder was 
provided by the mirror surface $3, which did not reflect the whole of the 
Tight to produce the red picture B1, but sent one-fifth thereof undiverted 





h Oy Ss 
_ - Ss. 
7B SNe, 
Nae 
4 
Fro. 140 


on to the ground-plass plate M and there produced an image 83, 
which, though weak, was light enough for observation. This was turned 
upright by the inverting system 03 and could be observed as image 
B4 through the enlarging eyepiece O4. 





Projection.—The reproducing apparatus comprised a Busch attach- 
‘ment to an A.E.G projector, though this attachment could be used with 
other projection machines, It consisted of a double objective, the upper 
‘one of which could be adjusted by a horizontal and vertical screw to 
cover the part-pictures of the colour film, This objective system was 
mounted on the same element as the black-and-white fens, which was 
underneath it, By movement of a bandle the change could be made 
from normal black-and-white to colour without delay, ‘The projection 
system can be seen in Fig. 141. The illuminant was a mitror arc. The 
prism system increased the axis distance between the two images, and 
thus permitted the use of wide-uperture lenses for projection. The prism, 
‘system also turned the images through 90°, 
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Remarks-—This camera (Fig. 142) and projector were designed 
chiefly for medical research. ‘The prism system would not permit the use 
of a short-focus camera objective, and there would be insufficient 
illumination for commercial cinematography. It will be noticed that the 
arrangement of the images on the film is the same as in earlier British 
Cinecolor, to which the whole optical system bears a close resemblance 
(Fig. 143), 


‘Morgana Process, (Obsolete,) 
(The Bell and Howell Co,, U.S.A.) 


‘This was an additive process for 16-mm, film. Each successive pic- 
ture frame was photographed through a red and a blue-green filter 
alternately, The conventional colour filter wheel was replaced by an 
oscillating element that brought the proper filter into position’ between 
the lens and the film at each exposure. (Note the similarity to the 
oscillating filter in the Hillman camera which was claimed as original.) 
‘Normal panchromatic reversal film was used, The speed was 24 frames 
Per second, though other speeds could be used, During projection two 
Successive frames move forward and one backward, or in reverse, in 
the following order: 1-2; 1-2-3; 2-3-4; 34-5; ete, The result was that 
although the film was running at a linear speed of 24 frames (If ft.) 
per second, 72 frames were alternating at the aperture during the same 
length of time, each picture being projected three times upon the screen, 
This accrued projection speed eliminated colour ficker and. greatly 
reduced colour fringing. A conventional filter wheel was rotated before 
the projection tens at a speed of 2,160 r.p.m, 











Reference 


“The Morguna Process" Journ, Soc. Mor. Pic, Kng., 21, No. § 
403. 
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Gilmore Color, (Obsolete.) 


An American two-colour additive process 

Camera.—Two images were taken in pairs side by side on 3S-mm, film 
by turning the images lengthwise upon the film. 

Projection.—A projector equipped with the ustial two-colour additive 
filters had optical means for erecting the two images by means of a 
prism system. 

Remarks.—This process seems to have had alfinities with the Busch 
two-colour camera, and also with the Cinecolor (British) camera and 
projection system, 
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Cinecolor Process’ 
(Dutay-Chromex Lid., London.) 


British two-colour additive system based upon the patents of 
D. Daponte, S. J. Cox, and certain patents of Adam Hilger Ltd, and 
J.H. Dowell. Later the patents were acquired by Dufay-Chromex Ltd. 
(Pig. 144). 
‘Camera —Beam-splitier of the type in which a prism divider is placed 
front of two objectives. (For details sce Chapter V.) In the earlier 
wecolour cameras the images were turned sideways with respect to the 
film, a pair filling one normal frame, In more recent cameras the pair 
‘of images is central to the frame and normal way up (as in Raycol and 
other systems), each picture being approximately 8x12 mm, in size, 
‘The prism has been very carefully corrected for refraction errors due to 
‘unequal path length of the long and short wavelengths, and there is 
complete freedom from parallax (see Chapter V) (Fig. 145). 

Projection-—An ingenious prism. erecting device was formerly used 
for prints made from the negative on which the images were turned 
sideways, Later, a pair of projection lenses was used in association with 
‘a prism system in which one element was movable, enabling one beam 
to be moved with respect (o the other in order to obtain accurate super~ 
position of the two images upon the screen. The colour projection 
‘optica! unit is so constructed that by a single movement of an arm the 
change can be made immediately from normal black-and-white 
Projection (o colour. The colour filters in the projection system are 
made of glass, and not of gelatine, presumably to withstand the high 
temperatures to which a filter is subjected in an additive system of this 
type (Fig, 146), 

Remarks, —Films which have been exhibited in England and else- 
‘here have demonstrated that! the optical system is of a high order of 
precision, no parallax occurring. Accurate superposition is obtained 
on the screen during’ synthesis—always a difficult achievement in 
additive projection, the smallest error resulting in extremely unpleasant 
effects of fringing and toss of general definition. The quality of the 
projected image leaves little to be desired, which is somewhat remark- 
‘able when the size of the original image is recalled. 

The colour range of Cinecolor is the maximum possible with two 
primaries, the colour having the indefinable delicacy and charm of 
additive mixture. The only criticism which can be made is that from a 
commercial standpoint this process must face certain disadvantages 
inherent in any additive projection process—namely, the necessity of 
‘equipping theatres with # special projection device which must. be 
universally adopted in order to make the world-wide exhibition of a 

This process shouk! tot be confused with the American subtractive Cinccolor 
process 
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picture practicable—and that it is doubtful whether the resolving power 
can compare with that obtainable in any process having normal picture 
size. Recent improvements in the resolving power of positive flim, 
however, would greatly improve the quality of the picture. 


Cinecouon PATENTS 
EP. 346406, 1930 
EP. 346.454, 1930 
EP. 349,107, 1930 
EP. 388,754) 1931 
EP, 1931 








Reference 
Brit. Journ, Phot, 28, Colour Supp. (Dec. 1934), p, 48. 


Rouxcolor 
(16 Av. Victor-Hugo, Vanves (Sein)) 


‘A French additive process. (Two, or three-colour.) 


Camera:—The optical arrangement is based upon a patent of 
L. H. Roux (B-P. 385,141, 1932), In the: specification the inventor 
begins by pointing out that previous optical systems having several 
‘objectives behind « single primary object lens had ceriain defects. One 
system of this type was composed of a single primary object lens which 
gave a real image of the object, in the plane of which image was placed a 
converging lens which directed the rays coming from the primary object 
lens on 10 a second optical system formed of a group of identical 
secondary objective leases all situated in one plane and whose number 
‘equalled that of the number of monochromatic records it was desired to 
obtain; thus the secondary images are all formed in one plane in which 
is placed sensitized surface. Now in such a system the plane of the 
‘emulsion of the film is conjugate with a certain plane in the object field 
of the secondary objectives. The result is that sufficient sharpness will 
be given only by images from a volume or zone of the object field which 
‘is contained between two planes which are very close together, whose 
distance apart is at the most equal to double the focal length (distance 
from the focus within which each image of a point object does not 
exceed i given tolerance) of the secondary objectives (about 4) mm.). 
For practical purposes this volume would be a plane which itself is 
conjugate with a ceriain volume in the object field of the anterior 
objective, which volume, when focusing to infinity, would lic between 
infinity and the hyperfocal length. Thus there would be a sharp image 
only of the space enclosed between the hyperfocal length of the anterior 
2m 
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Fio. 143.—Busch negative 





Fra, 148.—Cineoptich 


Positive. (See 9.275.) 
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144.—Early Cinocolor prism unit for extra width film. Constructed by 
Adam Hilger Led, (Hilgsr-Workman Patents.) 
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objective and infinity; all which lies on the near side of this limit would 
give only.a sharp image behind the sensitized surface. There would also 
be residual parallax due to the fact that the beam which traverses each 


Fig. 





















































ot 
1H Paria 
he Gh 
Fig.6 Fig.7 





Fe 
a 


a Je 
Kr 
- 
cay 

fig. 8 


(Repeated by pertson ofthe Canin Sf M.A, Stony Off) 
Fig, 147.—British Patent 385,141, 1932 (LL HL Roy). 


secondary objective has first of all passed through a circular peripheral 
region in the anterior objective which is the image of this secondary 
objective: given by the interposed optical system, and not through a 
commen region which would be the centre of the anterior objective. 
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‘The inventor claims to overcome these defects in the following way. 
A lens is placed immediately in front of the secondary objective, and 
this lens projects to infinity the image formed by the primary objective. 
The focus of this lens is in the plane of the real image formed by the 
primary object lens. Fig. 1 in the illustration (See Fig. 147) to the specifi- 
cation represents a diagrammatic section of the optical system. Figs, 2, 
3, and 4 represent various alternative arrangements of the secondary 
optical system. Figs. 3, 6, and 7 represent the corresponding arrange- 
ments of the images on motion picture film. Fig. 8 is the projection 
system, 

In Fig. 1, Ais a suitable objective lens which produces a plane image 
B, In the plane B is placed a diaphragm so as to limit the field, anda 
field lens D s0 as to reduce the divergence of the light beam after forma- 
tion of the image B; this tens is not absolutely necessary, however, 
Another lens E, the focus of which is situated in the plane B, is 
immediately in front of « group of secondary objective lenses F'F" of 
suitable equal Focal lengths, Each of these secondary lenses produces 
from B a new image G, or G, in the single plane of their foci, the said 
images being identical with B and with each other as a result of the focal 
Jengths of lenses F and F” being equal, 

‘The introduction of the lens E in front of the secondary objectives F 
ensures a double advantage according to the inventor, While in the 
older arrangements the secondary objectives F give multiple secondary 
images of the single image formed by the primary lens A serving as 
object for these objectives F, in the arrangement which is the subject of 
the invention the image formed by A is reprojected to infinity by lens B, 
and it is the image given by this lens E which ucts as object for the 
secondary objectives F, Whereas in the older systems the sharpness is 
determined by the focal depths of the secondary objectives, here it is 
determined by the focal depth of the lens E, The focal depth, for a given 
Aperture, can be shown to be proportional to the focal length, so that 
the focal depth which is effective in determining the sharpness of focus- 
ing is increased in the ratio 


focal length of E 
focal lengili of FY 





ratio which in practice is between 2 and 2-5, resulting ina considerable 
improvement in the focusing. 

Further, the lens E practically eliminates parallax. Since the image 
from the objective A reprojected to infinity by said lens E has (the re- 
projected rays being parallel) the same uspect in relation to each of the 
secondary objectives, the latter give images without parallax defects. 

itis claimed that the presence of the lens E in the projection system 
permits of working with the same spacing of the centres of the secondary 
objectives F as was employed in the camera lens and therefore obviates 
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any necessity for adjusting said objectives. If the lens E were not 
provided, it would be necessary to make these objectives adjustable to 
tenable the exact superposition of the images on the screen. 

The claims are: 

1. Apparatus for cinematograph or other cotour photography of the 
kind in which a first objective gives a real image of which several 
secondary objectives then give their several images, which may be 
superimposed and are all situated in one plane, characterized by the 
fact that a lens, reprojecting to infinity the image formed by the prin- 
cipal objective, is placed in front of the seconditry objectives and in close 
proximity to these objectives, the focus of this lens being in the plane of 
the real image given by the principal objective, 

2. Apparatus for cinematograph of other colour projection, com- 
prising the elements of an optical system arranged as claimed in Claim 1, 
tho direction of projection being the reverse of that defined in said claim 
for the purpose of photography." 

Projector-—Lens as described above for the camera. See 
(Eig. 8 in specification). 
is process was demonstrated at the Institut d’Optique, Paris, 
March 22, 1934, and again in Paris in 1948. 

Remarks—The writer has not had an opportunity of secing any 
pictures projected nor of ascertaining to what extent the claims of the 
patent are actually met in practice. Apparently four pictures were 
originally taken within the space of one frame (Fig. 148). 

Monsicur J. Viyié of Paris has reported to the writer that the brothers 
Roux hive continued their researches in spite of the war, having further 
perfected the optical system of the camera, and claim to have eliminated 
fringing. Four separations are now being taken on each normal frame. 
AS for projection, they had concentrited on the problem of luminous 
efficiency. Jt had been found that in order to equal normal screen 
‘average luminance (ten foot-lamberts) they were proposing to use a 
source of light at least six to eight times the normal intensity. It would 
seem that no such increase is in the least possible, unless itis proposed 
to reduce correspondingly the sereen magnification, 
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Hillman Camera 
(Colourerwvare Lid, wd Gerrard Industries Led.) 


‘The patents of A. G. Hillman are described in Chapter V. It seems 
that Mr. Hillman was at one time engaged upon the mechanical work of 
the Cinecolor process for S.J, Cox und D. Daponte, He left Cinecolor 
and interested Mr. Kay Hurrison of Gerrard Industries Lid. A com- 
pany was formed later, known as Colourgravure Ltd., in which com- 

* Quotations from British Patent Specification by permission of the Controller 
of HLM. Stationery Oifice: 
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peny Mr. Alexander Korda became interested, London Film Produc- 
tions taking a share interest. Owing to the association of London Film 
Productions with the Hillman process it received considerable publicity 
in 1933-4, It was announced that pictures would be filmed by Mr. 
Korda, but no pictures were ever released, and this may have been due 
to the fact that a camera made according to the Hillman patents would 
have little chance of avoiding serious defects of time-parallax, and to a 
Jess extent of space-parallax. Nor, at the time, was any announce- 
ment made as to the proposed method of presenting films taken with the 
camera. Were they to be projected by some additive device? Or were 
they to be printed by one or other of the available two-colour processes? 
But when London Film Productions adopted Technicolor (subscribing 
some £50,000 to Technicolor Ltd.) it became unlikely that the Hillman 
camer would ever be used, 

Jn the Hillman camera two frames were exposed simultancously one 
sboye the other, In front of the apertures in the gate was an oscillating 
filter element having three filters—red, green, red, ‘The first two frames 
were exposed through the green and-red filters, say, the film. was then 
moved down one frame and the filters moved (00, so that at the next 
exposure the frame, which had already been exposed to green, received 
4a second exposure through the same filter, while the next unexposed 
frame came into position above to receive an exposure to red. The film 
then moyed down another frame and the filler moved up, $0 that the 
frame which had just received a red exposure received another exposure 
through the other red filter, while the following frame was exposed for 
the first time to green. Thus obviously each frame received two con- 
seoutive exposures through its appropriate filter. ‘Time-parallax fringing. 
‘would thus be inevitable, 

‘The two images were obtained by a pair of lenses in front of which 
‘Was a mirror system comprising an inclined stainless steel mirror in 
front of the upper lens with a hole through which rays passed to that 
Jans, the remaining area of the mirror reflecting the beam to the second 
mirror, which was in front of the lower Jens and inclined thereto at an 
angle of 45°. 

Projection —Described in E.P_ 478,501.—Films carrying groups of 
three colour record images were fed through % projector by single- 
image shifts at approximately the same speed as the negatives fromwhich 
‘they were mado, ind the images were projected simultancously in pairs, 
ach first with the preceding image and again with the following image: 
the negatives from which they were printed had images exposed in a 
similar manner, o¢ pairs of images simultaneously exposed together 
tivice, The projector had two adjustable objectives, a two-image gate, a 
single-image intermittent: mechanism, and a rotating filter disc comp 
ing groups of filters of which { and 4 were blue, 3nd 6 were green, and 
Sand 2 were red. Sce also E.P. 483,817, 
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ADDITIVE PROCESSES : THREE-COLOUR 


The design of a beam-splitting system free from parallax and capable 
of tiking three geometrically identical images is a matter of extreme 
difficulty, The attempt made by Gaumont* in 1912, in which the 





Fio, 149.-—Gaumoot System, (EP. 3,220, 1912.) *Sawn-ofl™ lenses were used, 
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Fro$150.—Gaumont Successive: Exposure, 


pictures were taken by three sawn-ofl lenses disposed vertically one 
‘beneath the other, failed owing to the presence of serious parallax. The 
pictures in this camera occupied 2-25 times the length of ¢ normal frame 
Instead of three times the length (Fig. 149), Gaumont also tried succes- 
sive exposures usinga rotating eolour filter dise in front of the objective, 
Fringing from time parallax was obviously excessive (Fig. 150). 
+ Société Etablissements Gaumont. 
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“The process of J. Szezepanik in 1925 was impracticable, He used a 
hon-intermittent camera having a chiin of eighteen lenses moving 
together with the film behind a collimating lens, three pictures being 
simultaneously exposed? (E.P. 238,973) (Fig. 151), ‘The writer eame 
‘across this queer camera a short time ago and (ook the opportunity of 
recording the graye of one more inventor's bright hopes (see Fig. 152), 
“The camera hs since bea destroyed, 

‘A number of attempts are of French origin, M. Audibert patented 
aan optical system (E.P, 353,835, 1930) in which three objectives were 
used behind a large divergent lens. Such an arrangement considerably 





Fao, 151. 


reduces parallax. A camera was made which took four full-sized 
frames on 65-mm. film (Fig. 153), By means of « special optical printer 
these negatives were printed with the aid of analysis filters on Lumiére 
‘mosaic film, ‘This type of film had an irregular starch grain screen 
similar to the Lumiére screen plate, but it was very opaque and the 
results were not very sutisfuctory, 

P, E, Bonneau proposed to take (E.P. 408,499, 1923) three full 
normal-sized negatives on extra-width film, and 10 reduce them to 
miniature positives by optical printing so that they occupied the space of 
anormal frame. V, Hudeley would take three small pictures within the 
‘space of « single frame, afterwards enlarging them and printing through 
colour sereens upon lenticular film (EP. 408,764, 1933), 


\ A three-colour continuous motion camera was worked out by W. E, Johns 
(EP, 16,200, 1916), Fifteen lenses; horizontal movement. Time-parallax is present: 
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Fio, 152—Szczepanik multiple lens continuous motion colour camera. 


(Facing 208) 





Fig. 153.—Negative exposed by Audibert 
‘optical system. €S-mm. fils, 
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Fig. 154 —Bassani negative. 
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EXAMPLES: 


Bassani Process. (Probably Obsolete.) 
(Société Chromotiim, Paris.) 

Camera,—An interesting camera was made by the Société Chromo- 
film, Paris. An astonishing mechanism moved the entire gate, and film 
within it, at each exposure, with reference to the normal fixed objective. 
Three miniature negatives were exposed, by the successive movements 
of the gate, within the space of a normal frame. Actually there were 
96 movements of the gate per second, but the pictures were exposed at 
the rate of 72 per second (Fig. 154). 

Projection. —The positive was projected with a triple-divided sawn-off 
Jens with suitable registering adjustment. Save for slight time-parallax 
fringes (especially in close-ups), owing to the non-simultaneity of the 
negative records, the results were admirable, apart from the question 
of practicability of additive processes of projection (EP. 447,225). 


Francita Process.* 
(Operated in Great Britain prior to 1939 by British Realita Syndicate Lid. ‘Soe also 
‘Société de Films en Coaleurs Naturies Francita) 

Camera —Two substandard pictures, cach approximately 8 12 mm., 
‘were taken on two diagonally arranged parts of a normal image area. 
“These were the red and green filter negatives. The film was then moved 
by half the height of one frame and a third picture exposed in the then 
remaining space under the upper of the two pictures already exposed at 
the diagonals of the frame. Thus only two lenses were required. The 
beam-dividing system consisted of a pair of polished metal mirrors 
placed in front of the two objectives, one of the mirrors having an 
aperture. This type of beam-splitter exhibited a certain amount of 
parallax, since one objective was nearer the object photographed than 
the other by a distance equal to the separation of the two mirrors. The 
ppictures were taken at the rate of 48 persecond, Thus a red and a green 
record were always exposed together, followed by-a blue record. The 
time-parallax fringe was undesirable (Figs. 155 and 156). 

Projection.—A normal contact black-and-white print was made from 
the negative and projected, as usual with processes of this type, by 
‘means of a split triple objective embodying the additive primary colour 
filters. Means were provided for independent registration of cach 
image upon the screen. 


+ Keown also at Francite-Realits In England called Opticolor. Process de- 
veloped by Maurice Velle. 

* Francie Inter gave up this type of beam-splitier. Use was later made of the 
patents of J. M. Gutmann and P. Angenieax. The three separations are made 
simultaneously and parallax was claimed to have been eliminated. 
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Remarks —A feature film was made in France by the Francita 
Process, and it was exhibited in July 1935 at a Parisian cinema, The 
colour was very fine indeed in parts of the film, and any defects were 
due to poor lighting rather than to the process. This filen proved that 
Were it not for the serious commercial problem of a special projection 
‘apparatus, with the likelihood of its getting out of adjustment, the sub- 
{ractive processes would haye a serious competitor in additive systems of 
thistype, Considering that the positive part images were of substandard 
dimensions, it is remarkable how good the definition was. A limited 
amount of fringing was perceptible in close-ups. 

Films of the Coronation of H.M. George VI and ** Trooping the 
Colour” were exhibited in London at the Cameo Theatre and else- 
where in 1937 with considerable success. Slight fringing was occasionally 
Direction o fim mavenant 
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apparent. The brightness of the projected picture was rather poor, as 
miust inevitably be the case with additive processes, These films were 
also shown in France, Belgium, and Holland. 

Apparently work on this system had not been abandoned in 1945, 
Keeping the camera optical system unchanged, it is now proposed to 
make prints from the substandard negatives so obtained by some 
Unspecified subtractive process using optical enlargement. Ansco Color 
or Agfacolor might be used, or un additive process such ns Difayeolor 
could be used if the printing were done by three successive stages 
employing tricolour filters (Fig. 159), 


Pinchart Process. (1948) 

French additive three-colour process. 

Camera,—The quadruple objective A’” records four images on the 
film. In front of this bundle of lenses is a sectional filter divided into 
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Fig. 156.—Francita positive, 
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blue, green, red, and « neutral: grey which is supposed to improve 
modelling. In optical systems incorporating sawn-olf objectives, the 
images of a print are not circular and are in fact asymmetrical. Conse- 
quently the four point images corresponding to any real points are not 
‘identical (B), but leave all around the square middle part, areas lacking 
complete synthesis, which, if nothing was done to compensate for this 
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error, would lead to lack of colour balance, To eliminate this defect the 

filter unit is rotated one quarter of a turn for each exposure, which 

results in a cycle of colour records differing from one four-part frame 

to the next. This would require a rotating filter for projection (D shows 

the system in side elevation), but this is ingeniously dispensed with by 

dyeing ench part frame uniformly with the correct colours (Fig. 158), 
Projection—No description available. 





iG. 159A.—Thomascolor Projection Lens. (EP. 453,221.) 
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‘Herault Trichrome Process. (Probably Obsolete.) 

Additive three-colour process. 

Projection —The black-and-white positive made by contact from the 
original negative was tinted in red, green, and blue dyes on the appro- 

















Fo, 1598.—Thomascolor Carhera Lens (E.P. 453,221.) 


priate frames. It was then additively projected ut 24 frames per second 
by @ non-intermittent projector (F.P. 655,807), 


‘Thomascolor. (Richard Thomas Enterprises.) 

Classification.—American additive process. Quadruple objective 
camera fens unit (Figs, 1S9A and B). Anti-parallax optical system 
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Fig, 160,—Thomascolor camera, 
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unknown. Fourfimages occupy the ares of a normal standard frame 
(EP, 453,221), Type 3D beam-splitter (see Chapter V), 

Camera—Normal, equipped with the Thomascolor quadruple 
objective, A number of foci are available (Fig. 160). 

Negative.—Normal. 

Positive Normal, 

Projection-—Special quadruple objective with single control of 
registration of the four images on the screen. A locking device is 
claimed to. prevent subsequent shifting. 

Comments,—Thomascolor is the only additive process at present 
being commercially exploited in U.S.A. Mr. Richard Thomas. has 
spent fifteen years in developing the optics of this system, but so far 
there exists no reliable information as to the detailed design of the 
‘camera objectives nor of the projection unit. An extremely uninformii~ 
tive and very verbose description appeared in American Cinematographer 
(May, 1944), p. 154, but from this article nothing whatever is to be 
extracted of the slightest value. It would not seem that Thomas his 
improved in any vital respect on very similar optical systems already 
made familiar by French processes such as Francita and that of Roux. 
It is stated in the description referred to above that Air Chief Arnold 
was much impressed. And the following absurd claim appears: 
“Since four color separation images take the place of « single 35 mm, 
black-and-white frame, the same area of light is actually transmitted 10 
the screen as when black-and-white pictures are shown." This is 
Sstipposed to imply that the screen luminance will be equal! We need 
not make any further comment, Another marvellous statement is 
“Superimposition of one colour upon another eliminates any dis- 
Position to. graininess and intensifies the brightness range of the 
colors.” (See Kistler, L. Ru, Intern, Projectionist, 20 (July 1945), 
pp. 12-14.) We may take the liberty of suggesting to’ Mr. Thomas that 
he would gain the respect of technicians more surely by presenting his 
process to the world in anguage comprehensible to men of science even 
i he has to risk unpopularity with newspaper reporters, 











MOSAIC PROCESSES 
Involving no Optical Change from Normal Procedure 

Again we must give that genius Louis Ducos du Hauron the eredit of 
being the first to conceive the idea of dividing the photographie record 
into a large number of semi-microscopic primary elements, each one a 
minute colour filter, instead of making three separate ** continuous 
records” [1]. 

E. J, Wall suggests that du Hauron thought of applying the principle 
of technique of the school of French painters known as the ‘ Poin- 
tillistes,"” and this was the laying-down of juxtaposed minute dots of 
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eolour instead of ‘superposing three films.’ Wall notes that: “It is 
obvious that this is essentially an additive process, and not subtractive, 
4s to make violet, minute dots of red and blue are placed side by side, 
and to make yellow, minute dots of red and green. 

Ducos du Hauron, in his French patent, said: 

afin, l existe une derniére méthode par laquelle Ja wpe opération se fut sue 
ane seule surface. La tamsage des trois couleurs simples s'accomplit non plus 
moyens de verres colorés mais uu moyen d'une feuille transtucide recouverte 
mécaniquement d'un gra de trois couleurs 

Which may be translated: 

Finally, there ts another method by means of which the triple operation may 
be effected on vine surfeee. The separation of three elementary colours need be 
‘clfected no longer by three coloured glasses, but by means of one transparent 
sheet covered mechanically with a grain of the three colours. 

‘The following classification of mosaic processes. was suggested in a 
paper on the subject by C. E, K, Mees and J. H, Pledge [2]: 

1, Ruled lines. 

2. Dusting-on methods. 

3, Section cutting. 

4, Mechanical printing, of combination of mechanical methods and 

dyeing. 

‘The first line soreen was probably made by Professor J. Joly [3]. He 
vas followed by J, W. McDonough and others, McDonough was ap- 
Parently the first to patent the dusting-on method [4]. ‘This method was 
eventually commercialized in the Autochrome and Agia plates and 
films, The former was based opon the patents of Société Anonyme des 
Plaques et Pupiers, A. Lumiére et ses Fils {5]. The Agfa plate was 
based upon J. H. Christensen’s patent (6). 

Proposals for the application of the mosaic principle 10 motion 
picture film date back in any case to L. Vidal, who suggested the use of 
the Joly screen [7]. 

At has been shown that the resolving power of the eye is of such an 
‘order that it will sce coloured fines as separate if theit** period "(twice 
their separating distance for fines of equal width to the spaces) is about 
‘rho of their distance from the eye, W. Scheffer® had shown that horizon- 
tal black fines were visible if their period was x,y of their distance from. 
the eye, E.J, Wall noted that blue and green tend to blend before red. 

Dufaycolor 35-mm. film has 20 lines to the millimetre, From Wall's 
‘statement it should follow that the screen (réseu) would still be visible 

| The Pointilstes, and alyo the whole schoo! of painters: grouped 3 the Lim 
epatyeken bites mse au er exes meets 
ee eee eee 

* Phot. Rand., V9; Brit. J. Phot,, 199, $6, Col. Phot. Supp:, 3, 62, 10; Phot. 
Korr., 1910, 47, 338. 
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at some 60 ft. in a theatre having a 25-ft. screen, since the lines would 
be about 8:5 mm. wide on the screen. As a matter of fact the sereen is 
invisible at 60 ft., and also at 30 ft. The magnification being 340 times 
linear, and each line being 0-025 mm. in width, the size on the screen 
would be 8:5 mm., which would subtend an. angle of 1’ 35” at 60 ft. 
(1 30° is the limit of resolving power for the eye). However, the 
Visibility of the screen image seems to be much reduced at smaller dis- 
tances by the additive effects due to movements of the position of screen 
elements during the projection of 24 successive pictures per second. 

‘Dufaycolor is the only mosaic film which has so far been used with 
any success for cinematographic work.’ The process had its origin in the 
screen plate of Louis Dufay, which was sold from 1910 to 1917 as the 
Dufay "* Dioptochrome" plate, E.P. 11,698, of 1908, describes the 
method of manufacture. A master ruled screen consisting of parallel 
ruled fines is used to'print upon a bichromated gelatine surface coated 
upon glass or film. This is developed and dyed in one of the three 
primaries. Itis then inked up likea collotype plate. The ink takes on the 
hardened parts of the plate and not on the coloured fines. An impression 
istaken upon a plain gelatine-coated plate. The latter s then varnished. 
‘The varnish adheres to the parallel lines between the impression of the 
greasy lines. Upon dissolving the greasy lines* (8) with beazine, clear 
‘spaces are alternately left between parallel coloured lines. The second 
printing is done at right angles to the first. Lastly, the third colour 
is applied all over the plate on a surfuce of saturated gelatine. Thus 
4 screen was made by a series of imbibitions. 

E.P. 20,111, of 1908, of Société Anonyme des Plaques et Papiors, A. 
Lumiire et ses Fils, largely covers the same ground, It is proposed to 
apply parallel lines of some resist, such as a greasy ink, to gelatine dyed 
with one of the colours, and to destroy the colour in the intervening 
space. A second series of lines was printed at right angles to the former 
and the same operation repeated. At this angle a moiré pattern would 
have been produced, however. In E.P. 322,433 is described the angles 
‘used in the Dufay screen to avoid moiré, 

E.P. 217,557, of 1923, describes a. manufacturing tectiniqne which 
when fully developed led to the present Dufaycolor process, 


DUFAYCOLOR 
(Manufactured by Dufay-Chromex Lid., London, England) 
Classification —Three-colour additive screen (mosaic oF réseau) 
Process. 35-mm. negative-positive professional motion picture film, 
Camera.—Normal, 
Projection.—Normal. 
|‘ Mondincotor, a French four-colour mosaic tim, has recently boa described: 


itis sald to have 1,800 elements per squire millimetre (1988). 
+ First sugessted hy Bercegol. 
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THE MANUFACTURE OF RESEAU 

The film base hitherto used for the manufacture of Dufaycolor film 
has been cellulose acetate, or butyrate (safety film). Methods have been 
worked out for its manufacture in the future, if need be, on cellulose 











Fi0, 162A.—Arrangerment of rollers on the Dufayoolor Réseau printing machine, 


nitrate base identical to that hitherto used for standard black-and-white 
‘motion picture film. 

‘The process of making the exceedingly fine pattern of red, green, and 
blue, constituting the réseau (French: réseau—a network) of Dufaycolor 
film, involves a number of stages all of which require rigorous control 


(Fig. 161). 
The ‘of film base for the first main operation of coating 
with blue-dyed collodion is divided into two stages: 
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(3) Dyed green, 


oglu (6) Dyed rei and cosine 
moved to give final 








Courter of Mer, DulaChoomes, kit) 
Fra. 161.—Photomicrographs of Dufaycolor Réseau, 
‘Magnification % 100 Linear. 


“These photomicrographs were taken on Dufiycolor Film, the repeodtuctions 
‘being made fram the transparencies, 
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(1) Examination of base For defects. All defects are charted, such as 
casting-skin drying marks. 
(2) Wiping to remove dust. 


Coating of Blue-Dyed Collodion 

‘The coating machine consists of an unwind assembly, a backing 
device, a coating device, a means for imparting motion to the film with- 
out making any contact with the coated face, a drying track, and a 
rewinding apparatus. Motion is imparted to the film by suction on the 
back of the film exerted through a travelling endless blanket. An 
assembly of rollers enables an anti-curl backing to be applied to the 
film prior to the application of the blue collodion layer. The blue col- 
lodion is coated from a trough of special design by pick-up method, the 
depth of coating being controlled by the viscosity of the solution, 
Variation of speed will also affect the thickness of the coating, The blue 
coating is dried at not less than 95° F. and takes about four hours. 








Printing First Set 

The film is wiped and examined and is then ready for the printing of 
the * first set,"” namely the first set of resist lines between which the 
blue-dyed collodion will be subsequently bleached and re-dyed green. 
Figs. 162A and 162B show the general arrangement of the Dufaycolor 
printing machine. 

‘The printing is accomplished by means of an engraved roller or 
printing cylinder (Fig. 163) upon which is engraved a helical groove of 
Swenty lines per millimetre at an angle of 23° to the edge of the eylinder. 
Fig. 164 indicates the dimensions of the engraving. The printing ink is 
finely milled ina special medium and coloured pale blue for recognition 

. The utmost care is wken to eliminate dust at this stage and 
Photoelectric and micrometric controls track each stage. Fig. 165 
shows the roller engraving in section. 

"AU the end of each roll a portion of the fiim is left unprinted. Purt of 
this unprinted film is coated with a layer of bitumen so that the original 
blue collodion coating is unaffected by the subsequent bleaching and 
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drying, providing a large ures of green for spectrophotometric check 
and record. 
Bleaching and Dyeing Operation 

‘The film, now bearing printed lines in greasy ink, is drawn over u 
suction table, through a hot box, and coated on the back with bitumen, 
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7% ® 
Fis. 166A. —Flow of file through 'Dufiycolor_Dycing}Machine. 
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dried, nd then carried through a first aed second bleach weir. Now it 
enters the dye tank, to be dyed green, from which it passes to a spirit- 
‘water wash, thence through a spray water wash, through blowers for 
removal of excess water, overa roller running in distilled water and into 
‘a drying chamber, Next it passes through four ink solvent tanks: with 
wipers to assist removal of the ink traces, afler which the film enters 
final drying chamber, and from thence itis rewound (Fig, 166). 
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Fig. 12B—Dufaycolor ¢#sein printing machine 


‘This machine prints in 2 greasy ink 20 parallel rulings to 
the millimetre at-an angle Of 23° to the edge of the fi. 
The transparent “non-flam. 





has prey 





iy beer 








Uniformly ‘coated ‘with the blue. primary  colour—the 
Superfine Dufayeolor greasy ink. being employed a 4 








Subsequently the space between these Hines is bleached 
and dyed with the green primary colour, and the + resist 
Gissolved: ths leaving (wo parallel coloured lines ssh 

fim, (why Ach) tn Width 

The operation is again fepeated with the red primary 
colour ait an angle of 67" (0 the edge of the film. 





Facing 29) 





Fic, 163.—Dufaycolor née 
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Fio. 168, 





Photomicrograph of section of Dufaycolor printing cylinder 





Fia. 166,—Dufayeolor réseaw dyeing and bleaching unit, 


The inspection end of the machine is nearest the camera, The finished réseau at 
Tiny stige passes across Uhe Viewing light and is Inspected here. 





lines are red There 


(Paste 9, 289) 
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Inspection of First Set 

When the fitst set has been completed the whole roll is examined. 
The roll is unwound in front of a view-box illuminated with tungsten 
light corrected to Iluminant B(C.LE.). A visual match is made con- 
tinvously along and across the roll with a card bearing standard pieces 
(graded) of first-set réseaux. A copy of the recorded data is passed on to 
the production department for their use prior to the second set being 
printed, The view-box is fitted with a microscope permitting inspection 
of any point on the film, Routine examination consists of: 


(1) Deseription of the line (straightness, evenness of edge, number of 
‘breaks, ete.) under both high and low power objectives. 

(2) Anestimate of the amount of penetration of the inked line, 

(3) An examination of a sample of any spots, noting whether they are 
normal or abnormal. 


Printing Second Set 

‘The réseau is prepared for printing, bleaching, and dyeing socond set 
in a precisely similar manner to first set, Second-set cylinders are 
‘engraved with fines at right angles to those of the first set. 





Bleaching and Dyeing Second Set 
The only difference to first set is that the dyeing is red. 


Examination of Second Set 

Colour—The viewer is fitted with a colorimeter which can be moved 
horizontally across the width of a roll so that measurements can be 
made of any desired spot. ‘The area measured is about 1} in. 
diameter circle and is matched in terms of additive values of tricolour 
fillers. If the colour is found (0 be outside 4 certain tolerance area 
the film is back-coated with a subtractive filter for modification of its 
chromaticity. A detailed map is prepared of the colour characteristics 
throughout each roll. 


‘Varnish Coating and Backing 
The final operation prior to emulsion-coating consists in applying a 
resinous water-impermeable layer to the surface of the réseau, the dyes 
of which would othcrwise desensitize the emulsion. Immediately after 
application of the varnish layer, a solution of gelatine is coated on the 
tacky varnish and if tiecessary a corrective dyed gelatine back-coat 
applied by the same machine at point immediately following the 
varnish application, The varnish takes about fourteen hours to dey at a 

temperature of about 115° F. 
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Final Inspection 
Followed by: 


Preparation for Emulsion Coating. 

“The film receives a final wash in a spirit-water mixture to remove any 

microscopic traces of loose dye. It is then spooled and packed for 
is to be coated with emulsion, 
Dufaycolor réseau is printed with twenty and for certain 
purposes with twenty-three lines to the millimetre, each line being 
vy mm. in width (Fig. 167). Considering the complexity of the manu- 
facturitig process, it must certainly be considered the mostextraondinary 
piece of printing ever achieved, The printing is remarkably even and 
very few irregularities oceur. ‘The individual line under the microscope 
is not absolutely even in width, but this is compensated for by averaging. 
The printing machine is » superb example of precision engineering, 
especially when the speed of printing is recalled, namely 10 ft. per 
minute. 





COLORIMETRIC SPECIFICATION OF Réseau ELEMENTS 














j ] yy [Pom an 

ee | eS (fe) 
Raltines | ges | oa | nr | ai 
Green Seren © ce | oa | si 
SSeS) OH | Op G7 | asso 
Nogative-Positive Processing 


The original Dufaycolor 35-mam. ciné film is developed as a negative, 
and prints are made by contact on Dufaycolor positive, a practically 
normal machine being employed, exexpt for modifications in the light- 
‘source and light-control. 

By means of the " depth developer” of D. A. Spencer (see page 
312), doyelopment is restricted to the lower level of the emulsion layer 
in immediate contact with the réseau. ‘This eliminates desaturation due 
to irradiation and réseau image-clement spread. In the words of the 
inventor [12): 

Assume that a pare red object as been I, i the renal we 
tbormtetnests Roi mead i puck sve eal io saad eo 
through which the red light from the subject cannot pass, should be transparent 
Owing to the spreading of the silver image, however, these elements are partially 
‘masked by developed silver. When now we print from this negative upon similar 
‘material, to obiain the final positive, a slinilar unwanted scattering takes place 
"<r eght a ts tcp Unt en coos fe erp Using pag wold 

ot ie ee 
compensate Tor th redaaion fn the himinosty of the gresn ea bas sens 
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Which results roms the density produces by light scattered from the ced recoeding 
region, It must be remembered, however, that the spreading of the image is taking 
place from every element through which light passes and is, therefore, in effect 
fending to even out the amount of opaque silyer produced under each element. 
Sinoe the rendering of colour is dependent upon the magnitude of the difference 
‘between the silver deposits under each of the three sets of elementary colour filters, 
this evening out is a desatursting effect tending to destroy colour, and an increase 
in exposure when printing will do nothing to restore the lost colour. 


TLE ‘oa 









Trerwaie oka 9 Saturation whan Feneng by OPFoeed Light 
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Fit), 167A.—Causes of lose of saturation when one mosai¢ Image is printed upon 
“another (Spencer) 


Furthermore, the scattering which oocurs only once in the reversul processing of 
camera exposure, and which is langsly counteracted by the colour contrast effect, 
‘Opetates twice in negative-positive processing to produce an intolerable degradation, 
Of the colour rendering. Accordingly, to make egative-positive processing of 
‘combined sereet material practical proposition, the irradiation within the emulsion 
‘must be reduced to a minimum, Since the deeper the image extends into the emulsion 
the grester the irradiated area becomes, any technique which will confine the image 
to those layers of the emulsion nearest the réseu elements should minimize the 
scalter responslble for the degradation 


This has, in ict, proved to be the case, and the depth developer has 


been found to give results which are indistinguishable from reversal 
positive originals (D. A. Spencer, E.P. 470,855). 
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MoNocHRoManic PrintiNG LIGHT 

Colour dilution may also be duc to the spectral overlap in the trans- 
missions of the colour elements of the réseau, This may be reduced to 
the minimum by restricting the printing light to three narrow wavelength 
groups corresponding as closely as possible to the maximum transmis- 
sion of the three réseau colours, It is possible to print with three tungsten 
filament lamps used in conjunction with narrow-cut filters, the light 
being combined on the printing plane, but a more elegant arrangement 
was made possible by the advent of high-pressure mercury discharge 
lamps. Such a lamp is used in conjunction with a tungsten filament 
* Class AL" projector lamp of 500 watts which is filtered with a 
glass having narrow-cut transmission in the red region of the spectrum. 
This lamp is housed behind the mercury discharge lamp, the red light 
being completely diffused with a sheet of flashed opal glass, The mercury 
lamp has a very powerful line emission at 577 Mu, which is at an unfor- 
tunate position where the overlap in the Dufaycolor red and green 
elements is atits maximum. Happily, a saturated solution of didymium 
chloride completely absorbs this line, while still transmitting the 
Valuable emission at $46 My (green), which is ideally placed. The mixed 
light of the mercury and tungsten sources after passing through a cell of 
didymium chloride (didymium glass is almost equally effective) consists 
of three monochromatic bands whose wavelengths are 

670 My'—605 My (red), 
346 Ms (grea), 
436 Mu (Dive) 

(with certain other faint fines), 

This trichromatic monochromatic light prevents each primary colour 
element of the film-mosaic from transmitting light which has originated 
from the other two elements. The idea} is that light originating from 
‘one colour negative element, say red, should be totally absorbed by 
the green. and blue positive clements, ‘and this is realized in the above 
arrangement. 





REMOVAL OF Momét 

The Dufaycolor negative record consists of silver densities variously 
distributed over the réseau, the particular distribution determining the 
colour seen by transmitted light. For example, ifthe silver densities are 
disisibuted so that they occur only on the red elements, the negative will 
‘appear minus red (or blue-green) and will represent the photograph of a 
red object. The negative records the colours of the subject as comple- 

‘The sensitivity of the emulsion (alls off rapidly at 680 Mx, 20 of 
light of one wien vo ie conmaguene. NA ¥O atthe presen oF 

* Reprinied from The Photographic Jounal, Vol. 79 (May 1939), pp. 320-9, by 
agar ‘Of the Royal Photographic Society, G, B. Harrison, O.B.E, and 
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mentaries, that is to say, the colours reflected by the subject are absent 
from the negative, all other colours being present. IF thie negative is now 
used as the subject and photographed either by means of a camera or by 
simple contact, the colours present in the negative will be absent. from 
the print, ‘The print will therefore be correctly coloured. For example, 
if the subject is red the negative will be minus red or blue-green; the 
print will be minus blue-green ot red. This comparatively simple pro- 
Eedure is, however, complicated by the fact that the negative, unlike the 
Subject, is divided up into @ regular pattern of three colour clements, and, 
as is well known when two similar patteras are placed together, inter~ 
ference shows itself in the form of moiré, which may be visible in the 
form of lines or squares hundreds of times larger than the dimensions of 
the element pattern and therefore clearly visible to the naked eye. 

“These moiré patterns in the special case of Dufaycolor are produced 
briefly as follows—the dark parts of the pattern are regions in which 
elements of one colour on the negative are positioned over elements of 
different colour on the positive, so that the light has to pass through two 
elements of different colour—eg,, red and green. ‘The lightor parts of 
the moiré pattern are produced in regions where the elements of one 
colour on the negative coincide exactly with elements of the same colour 
‘on the positive. Such a combination obviously transmits more light 
than when the coincident elements are of different colour, Prints made 
under such conditions will show corresponding dark and light areas. 

Th order to eliminate moiré patterns it is necessary to do one of WO, 
things—either to arrange that the two réseaux, the negative and positive, 
coincide exactly at all points, or to destroy the identity of the negative 
réseau in some way such that the light falling on the positive réseau is 
Berfecty uniform ands nt divided up into small elements of different 
colour. 

Itis not possible to upply the former method af exact registration of 
the two réseaux: because, apart from the extreme difficulty of effecting 
this registration with such small elements, shrinkage duc to processing, 
tetc., renders it impossible to ensure continuous registration over areas 
comparable with the size of « cin¢ picture, 

it is well known that the moiré pattern produced when two réseaux 
‘are superimposed varies in size and character as the angle between the 
‘two réseau ig varied, and an angle can be found at which the pattern 
‘becomes almost invisible. The pattern is, however, still preset, butisof 
very small size, und if printing were carried out under such conditions 
with no further precautions the effect on projection would be very un= 
satisfactory. It must be realized that the pattern is not only undesirable 
because it produces a visible pattern on the screen ‘but because the black 
‘areas which do not transmit light will fail to blacken the colour elements, 
Which should be blackened and so cause an addition of white to the 
colour photographed, For example, ifthe colour photographed is green 
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the negative will transmit red and blue, In the part of the print where 
the red of the negative falls on the blue of the positive, and vice versa, 
the blue and red elements of the positive when finished will transmit 
light and the overall colour of this section will be white (since the green 
element of the print will transmit in any case), 

It appears, therefore, that a suitable adjustment of the angle between 
the negative and positive films cannot eliminate moiré; all it can do is to 
render the pattern rather less startlingly visible than it would be if the 
angle were such that that pattern size was several millimetres wide on the 
film, This fact is made use of in the actual process because it is not 
possible to ensure complete absence of moiré all the time owing to 
small variations in film shrinkage and thickness which are beyond con- 
trol, so the optimum angle between the réseaux is always used $0 that 
any mall residual moiré pattern has less chance of making itself 
apparent, 

From what has been said it will be apparent that the problem is to 
devise a method of destroying the identity of the negative réseau by the 
time the light reaches the positive réseau. In other words, to arrange 
that the positive réseau is uniformly illuminated. Or, to put it in yet 
another way, to ensure that the light that passes through the negative 
rréseim is thoroughly mixed before it strikes the positive réveau. 

If the two réseaux are in perfect contact, no mixing of the fight can 
possibly take place, and it is therefore necessary to start by separating 
the two réseaux. This can teadily be done by placing the neyative and 
positive films front to back, oF back to back, thus separating the réseaux 
by one or two baso thicknesses as the ease may be. For quite another 
reason, bound up with the desirability of arranging that the positive 
film is projected with the emulsion facing the screen as for black and 
‘white so that the sound track is correctly focused, the films are placed 
front to back and are thus separated by one thickness of base only (this 
‘must be the positive base so that the light passes through the positive 
réseau before striking the positive emulsion), 

By using n source of light of finite size us opposed to a point source, 
the projected image of the negative réseau will be diffused, and by using 
an extended source of definite shape and size it is possible to diffuse the 
projected image of the negative réseau completely, whilst retaining the 
maximum possible definition, 

Consider first pinhole camers, The image produced by such & 
‘camera js a perfect projected image of the object; it has the same shape 
‘as the object and its size is simply related to the size of the object and 
the position of the pinhole (Fig. 168). The Dufaycolor réseau muy be 
regarded us composed of a number of juxtaposed squares, each con- 
‘taining one red, one green, and one blue element (Fig. 169), The red lines 
fare actually continuous, but we can regard them as divided up by 
imaginary lines as indicated in the figure; let d be the length of the side 
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of the square (d=, mm.—005 mm, for 20-line réseau), Now con- 
Sider a very small area of any one of the squares—a pinhole in fact: it 
does not matter What colour element it falls in. Let us denote this 
pinhole by Ain Fig, 169; the rest of the réseau is considered black forthe 
Moment. In Fig. 170 perspective sketch shows the effect of casting an 











Ps, 168. 


image of a square illuminated aperture by means of the pinhole A. As 
indicated in Fig, 168, by altering the size of the source or its distance we 
can make the image of the source any size we wish, Suppose we arrange ' 
that the image is a square having its sides parallel to the unit squares of 
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elnninen 
eal ae | 





























Fig, 169, 


the réseau and equal to d; Now consider another pinhole B (Fig. 169) in 
fan adjacent square, situated in exactly the same position relative to its 
‘Square, ‘The distance AB will be d. Under the sume conditions the 
image cast by B will also be a square of side d, and the images of A and 
B will just touch, since AB—d. By imagining a simifurly situated pin- 
hole in every square, all providing images according to the same rule, 
the result will be perfectly uniform illumination on the sereen. Now we 
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can further extend this.to include another complete set of similarly 
situated pinholes but different from the AB sot, and exactly the same 
arguments apply, until finally we have extended the pinholes until they 
cover the whole réseau surface, and we still have perfectly uniform 
illumination, 1t follows from the above argument that the illumination 
remains uniform if any part of the squares is rendered opaque, providing 
all squares are affected in the same way, so that if all the red elements are 
‘opaque the illumination, although changed in colour, remains uniform. 

This, then, is the method" employed for destroying the identity of the 
negative réseau on the copy screen, and it only remains to find the for 
mula relating to the various distances and sizes. Referring to Fig. 171, 
the nogative réseau has been drawn as at pinhole because this leads 10 
the necessary condition. The source is squire and its side is D, and the 
condition of uniform illumination is thut the projected Image of this 








Fig, 170. 


‘Square source on the positive réseau is equal in size to the elementary 
Square of the negative résem—i.e.. (0 the reciprocal of the number of 
fines per mm. (other dimensions must, then, be in mm,), It must be 
Femembered, however, that in this case, although the true thickness. of 


the base is, say, ,the effectiveoptical thickness is i Where jis the refrac+ 
tive index of the base (its value may be taken as 1-4), 
From the geometry of the figure it is obvious (similar triangles) that 
D pt 
earig 
where the letters denote distances us shown in Fig. 171. The values 
4, jad # are more or les fixed, $0 that ratio > is fixed, but either D 
OF T can be varied providing the other #¢ adjusted to compensate. In 
Practice it is desirable to make T fairly large, say 10 em., otherwise 


Parallax errors are introduced at the edges of the frame which might 
Seriously affect the efficiency of the elimination of moiré at these places. 


* Soe BLP. 446,679 (p. 176), 
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Taking a typical example, let d=0-05 mm. (20-line), f=rslye in. = 
04125 mm,, »—1-4, and let us fix Tat 10 cm.=100 mm: 








0521006 min, 
The side of the square source would urider these conditions have to be 
5-6 cm, 

It isclear from what has been said that the sides of the square source 
must be parallel to the squitre réseau units, ot in other words parallel to 
the red lines in the negative réseau, This accounts for the angle at which 
the square mask is sot in the printer, 

In practice the above formula may be used in designing printers, but 
itis always desirable to allow a little latitude in the position of the mask 
to allow adjustments to be made. It can be seen from the formula that 





Fao. 17h. 


if the positive base thickness changes from 5 to 54 thousandths of an 
inch, the correct distance of the mask will change from 10cm. to U1 em. 
‘The difference in moiré between two such distances ean he detected, and. 
if the vory best results are to be obtained the base thickness of the 
individual positive material being used should be allowed for. For all 
ordinary purposes, however, the distance may be set for the average 
Positive thickness. 

Finally,itis useful to make anyfinal adjustments of distances by means 
Of a test assembly. This consists of two picces of film, one of which has 
been fixed out. The réseau side of the fixed-out film is cemented (see~ 
cotine) to the base of the raw stock so that the red lines of the two 
réseaux are almost parallel and a large moiré pattern consisting of dark 
bands about 2 mm. apart is visible when the assembly is placed in front 
of a point source. ‘The white emulsion layer of the raw stock acts as a 
perfectly diffusing translucent screen and so shows the pattern as it 
Would be recorded on the emulsion. By placing this assembly in the 
gate of the printer the final adjustment of the mask position can be 
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readily determined as the position at which the pattern is least visible (it 
should disappear entirely at one position). IF itis required to adjust the 
printer fora special print, a test assembly:can be made ina few minutes, 


a 

ES 

[ [ Kg. aa | 
tly 


a - = 


Fad, 172A-—EP 446,679, 1934 (8. D. Threadgold). 


Uusing-a sample of the positive stock to be used in the actual printing as 
the raw stocks any piece of plain réseau will do for the other piece (pro- 
‘viding it has the same size réseau us the negative to he printed, ep. 20- 
line, ete). (Conclusion of quotation from Dr. Harrison's paper.) 
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‘Tante SI 
Base Thickness Diszance of (S6-mm.) 
‘mm. “Aperture in mom. 
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Fig. 172B.—British Patent 446,679. 1934 (S. D. Threadgold) 
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EP, 446,679 
(Muceadgold, 8.'D.,.1934, ‘See above, DF, Harrison on removal off moité,) 


Records on regular pattern multicolour screen ‘material are printed by 
Contact on to similar material by means of a beam of diffused light from 
a sauce at which the cross-section of the beam is adjusted, according 
tpatke distance of the source from the soreen associated with the original, 
the size ofthe screen elements, andthe distance apart of the original and 
Soby sereens, to produce substantially uniform illumination of the copy 
Siren. In Fig. 6A (See Fig. 172B), ifs is the distance on either side of an 
foment of the copy screen over which the ligt isto be spread and dis 
the separation of the original and copy screens, the angle ® subtended 
by the source at any point ofthe original screen is given by the formula 
Ge=2 tan'/d. In Fig. 3 (sco Fig, 172A), light passing through the 
{Pirie $.in-4 mask and through the elements of one colour (e.g red) 

ginal screen 6 falls on the copy sereen 7 and is spread thereover: 
is the elements of each other colour of a three-colour sereen 
Sombrising red stripes and stripes formed of alternate blue and green 
shuts, the dimensions of the tight-ouree, is ealculated to give the 
desired spread in each direction for the red lines, the spread. OF the 
Breen and blue elements being then slightly too great, 








Printing Machines 


The leading manufacturers of 3S-mm, motion picture printing 
Ruckines have adapted their standard printers to Dufaycolor. For 
example, W. Vinten Ltd, follow normal practice ay fur uv mechanical 
design is concerned, 

The general principles of copying film by the Vinten-Dufayeolor 
printer a i 






Ing an exposure slit, ‘The positive film 
sprocket. The two films, after leaving 


(ok Accond printing head, where it comes into contact with o ona 
or ahn etna! eventually the married print is spooled up at tne endl 
(of the machine. The two heads may be used either simultancously or 
independently of one another, The sound head may be wesd for printing 
‘ordinary black-and-white stock if necessary (Fig, 173) cs 
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Fi. 173A.—Vinten-Dufaycolor 3$mm. film combined sound 
‘and pictute printing machine (continuous type). 
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Light-Source 

‘The light used for printing Dufayeotor consists of a $00-watt tungsten 
lamp, the light from which passes through a narrow-cut Chromex 523 
laminated glass filter on to a prism (Fig. 173B), The prism turns the red 
beam through an angle of 90” and passes it through the arc of a 400- 
watt mereury high-pressure discharge tube. The combined light from 
the two lamps is now taken through a liquid didymium-chloride filter. 
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Above the didymium-chloride cell' is a sliding filter holder for a 
compensating filter which incorporates the Harrison aperture of special 
form and dimensions (Fig. 174). 


Light Control 
‘The printing light is under control both for (a) intensity and 
(8) colour. In the ease of (a) there are three neutral filters of different 
densities mounted in slides which are inserted into the light track auto- 
matically (Fig. 175).In the case of (6) there are six colour filters in 
similar slide mountings, ‘These slides are operated by solenoids, 
which in turn are controlled through the well-known synchronously 
moving bind principle, which operates as follows: The negative to be 

* Didymium glass is equally effective. (Corning No. 5120 or Chanes ON 16) 
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printed is placed on the grading machine, and this punches a parchment 
band, 70 mm. wide, with the combination of light intensity and colour 
correction which is required, As the negative is wound through the 
grading machine so the paper band moves in a ratio of | : 100 with the 
negative, and at each requisite change of light the chart is punched 
accordingly. This method obviates any mutilation or damage to the 
negative, and the chart, once punched, will last for the printing of 100 
copies. When printing, the chart is placed on the machine and the 
negative laced with its synchronizing mark at the printer gate, On 
starting the machine, the light changes come into action at the point 
determined on the grader; the whole process from then on is fully auto- 
matic. The light for the sound printing head is a normal 100-watt 
tungsten lamp, 


en) 


ob 


erategr tat 
QUERYCOLGA PRINTER 


‘Pro, 174, 

Photometric Light Control fitied to Vinten-Dufaycolor Printers 

In practice it has been found that the mercury vapour lamp forming. 
part of the Dufaycolor light-source is inclined to vary in emission, ‘The 
object of the photometric contro} is to enable the printer operator to 
check the light emission from the mercury vapour lamp during printing, 
The apparatus consists of a photronic cell mounted integrally with 
the printer lamp-house, and a micro-ammeter in circuit with this cell, 
A hand-wheel control resistance in the mercury vapour lamp circuit is 
also part of the system. The use of the apparatus is us follows: At any 
time the operator pulls out a knob on the front of the lamp-house, this 
‘section opening a shutter which exposes the photronic cell to the light of 
‘the mercury vapour, thus causing a current to pass through the micro- 
ammeter. The latter instrument then shows the emission of the lamp, 
‘und if any variations occur from the predetermined setting the variations 
are compensated for by the use of the wheel control on the lamp 
resistance, 
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Colour Grading. Dufaycolor Negative-Positive 

Dufaycolor printing is elfected by light consisting essentially of three 
monochromatic bands, and the colour control is obtained by means of 
three sets of compensating filters each designed to reduce the intensity of 
‘one of the bands without affecting the others, 

‘These filters, which are magenta, cyan (blue-green), and yellow in 
colour,are made in an arbitrary series of depths numbered 1, 2, 4, and 8, 
and these may be added together in combinations to obtain any desired 
internediate value. Thus Magenta 4, Magenta 1, Cyan 1, Yellow 2, 
Yellow 1 might be used, and these would be referred 19 a5 4 setting 
of 51-3, 

The action of these filters on the print is to increase the comple- 
mentary colour us each filter is increased in depth, and this may be 
worked out from first principles thus: 

Suppose the yellow filter to be increased in depth, this will decrease 
the blue printing fight and decrease the silver deposit under the blue 
squares of the réseau, leaving the red and green elements unchanged. 
This will increase the blue on the print, and in a similar manner an 
increase in depth of the magenta filter will produce a greener and, in the 
case of the cyan filter, a redder print, 

‘The first step in producing a print is the choice of « representative shot 
‘or shots for test. ‘These shots should be chosen to contain a good variety 
of colours, especially light desaturated tints and neutrals, as these are 
fur more affected by colour correction than more saturated colours 
after printing ata trial setting, or in eases oF doubt at a range of settings, 
they are processed normally and allowed to dry before examination, as 
otherwise parallax difficulties will arise, due to swollen gelatine. 

On viewing either by daylight or preferably by good artificial day- 
light, colour corrections may be applied either by first principles or by 
the use of Table $2, an increase in the filter in each ease meaning an 
increase in the depth or number on the arbitrary scale. 





Tame 52 
Change made In Fates Effect om Print Colour 
Increse depth of Macira ., fncrease of Gxten 
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ht ne) 
Ines Yatuow Ie of Bu 
Decne depth of MAcENTA ., Increae of Ren and Bue 
(Minas Gree) 
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In certain cases it may be desired to decrease a particular filter by 
‘more than there is actually present at the time—e.g,, to make w print 
Which had been made at 2.1.0 more yellow—and this may be done by 
increasing both the other filters together, since if we decrease both the 
red and green printing lights we shall relatively increase the blue, It 
follows from this that itis never necessary to use all three types of filter 
{ogether,as any one may be replaced by a reduction in the other two. As 
4 mutter of conyenience in the present machine a small amount of 
Magenta filter is usually retained in order to avoid changing two filters 
at once, 

‘Two points of practical importance are, firstly, an increase in filters 
implies a decrease in total light available, and the neutral grading should 
be increased by one point for each two filter points; secondly, the 
‘magenta filters are not as effective as the eyan or yellow and two points 
of Magenta are approximately equivalent to one point of eyan. oF 
yellow. 

‘The final test of any film must necessarily be on the screen, but by 
using daylight or a good artificial daylight for viewing, and in particular 
by always using the same light, it will be found that a very good idea of 
the colour balance can be obiained, 


‘Compensating Filters 

lis undoubtedly bad practice to use a large number of gelatine filters 
between the printing mask and the film. The number, except under 
exceptional circumstances, should be kept down to two or at the most 
three. When a number of gelatines are placed together they always 
appear mitky "* and scatter light to a greater or less extent according 
to their freedom from manipulation scratches, Filters that become 
scratched should be discarded immediatel 

‘The sizs and position of the printing mask are accurately determined, 
‘and any scatter introduced between the mask and the film will cause a 
cchanige in the apparent size of the mask as seen from the film and illso 
modify the distribution of the tight. The greater the diffusion or the 
nearer the diffusing medium to the film the greater will be the disturb- 
‘ance to the illuminating system, ‘The effect is roughly analogous to the 
introduction of a diffusing filter into a camera between the lens and the 
film, in this case the nearer the filter to the lens the greater the disturh- 
ance of the image, 

‘The result of using filters which diffuse the light between the mask and 
the film in the printer will be to cause loss of definition and loss of con- 
‘trast. Loss of definition results from the effective size of the mask being 
increased, and loss of contrast will be due to light entering obliquely 
through the negative réseau being reflected several times between the 
hegative and positive réeaw and causing a general spread of light which 
ws 
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is making no contribution to the image proper. This will approximate 
the result which would be obtained by giving a uniform flash exposure 
to the positive film before processing, 4 procedure which would cause 
fogand loss of contrast. The final result will be that exposures will be so 
adjusted as to give clear whites, in which case blacks will haye a low 
density, and « soft print with low maximum black will be obtained. A 
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ic. 176.—Black-and-white and Dufaycolor comparative frequency response. 


further undesirable consequence of using diffusing filters will be that the 
Aystem: will no longer eliminate moiré as it was designed to do, though 
‘in practice this will probably not be apparent, 

The loss of definition and contrast is-a very real effect, and precat- 
tions should be taken to employ the minimum diffusion between the 
mask and the film in the same way that no good cameraman would use 
‘dirty or scratched filter on his camera. ‘The use of a large number of 
filters can readily be overcome by having available a sufficient range of 
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the necessary colours. It js then theoretically never necessary fo use 
more than two filters at a time, but allowing for practical difficulties 
which may arise occasionally, allowance for three filters at a time should 
be ample. 


‘Sound Reproduction 

‘Taking the distance apart of the red lines on the réseau set at an angle 
of 230.05 mm.—and assuming a 450-mm. speed per second, we get 
9,000 cycles, at which a slight sound might be given. This is comparable 
to.015 in variable density, and is not serious. There is.a loss of about 
1} db, in output, which is negligible, and a slight increase in’ the loss 
from 3,000 cycles upwards (Fig. 176). 

Variable density track has to be printed with red light owing to the 
lack of penctration in the case of printing with blue light. The very 
advantages which are given by reduction of scatter and surface printing 
with blue or ultra-violet light are negatived by the effect of the hypo- 
developer, which is active on the surface first of all. With red light 
maximum penetration is obtained. Excelleat variable area tracks 
ure printed, since the definition is actually improved by the depth 
development. The conditions in so far as gamma is concerned are much 
the same as in normal black-and-white practice. Positive is generally 
developed to a gamma of 1-80-2.00. Density of unmodulated track is 
0-60 (réseau density taken as zero). 

‘The sound track is printed on the emulsion side of the film by a 
normal sound-printing machine. Sound track has been quite success- 
fully recorded on Dufaycolor negative. Even when recorded through the 
réseau, the quality is good enough for news films. 


Camera 


Dufaycolor film may be exposed in all existing cameras, There are, 
however, one or two minor refinements which must be attended 
to in order to obtain perfect results, First of all, since the picture has 
to be exposed through the réseau, it follows that the emulsion is 
turned away from the lens and the image is therefore formed on a 
plane which is behind the normal, a distance equivalent to the thick- 
ness of the base. Taking the refractive index of the base into con- 
sideration this distance should be four thousandths of an inch further 
back, Ths manufacturer can re-scale the fens, and similarly he can, in 
fcumeras such as the Vinten of the Sinclair, adjust the ground-glass 
focusing screen, Alternatively, any competent operator can determine 
4 new infinity point on his existing scale by photogniphic test, and, 
placing an arrow at this point, all other distances marked on the scale 
‘ill be correct when brought opposite the new arrow. This isa perfectly 
reliable empirical method. Refocusing is of importance for short-focus 
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fenses—say for any lens of less than 3 in, focus. Another method can 
be used for cameras which have means for looking directly through 
the film, Place a piece of Duftycolor film in the gate, the Jens being at 
full aperture, (It will be observed that it is easy to see the image as long. 
asthe object is illuminated by sunlight.) Focus the telescope of the eye- 
piece sharply on the réseau pattern, which can just be observed. Then 
focus the lens on infinity, always turning the focusing ring, or other 
control, inthe same direction (coming on to infinity from a point beyond 
it), When the image is at its sharpest point it will be found that the 
position reached on the engraved scale is a little beyond the normal 
infinity mark, Engrave a point opposite the position found and proceed 
as instructed above. It is of interest to note that if one cannot see the 
image clearly through the film it is of litle use to attempt exposure. 

The fact that the emulsion is the opposite way round in the gate 
necessitates great care to avoid scratches, W. Vinten Ltd, recess the 
back clement of the camera gate especially for work with Dufaycolor. 
The Bell & Howell Company polish the back of the Eyemo camera gate 
anid burnish all metal parts which might come into contact with the fim. 
Little trouble has been experienced with the Newman Sinclair camera, 
nor with the Debric, The rollers used for pressure in the Mitchell gate 
are perhaps rather dangerous. It has been suggested that it might be 
desirable to recess these rollers by 4 thousandth of an inch, in any case 
‘over the picture area, if not on the edges of thefilm. Undoubtedly special 
precautions should always be taken with Dufaycolor to be certain that 
the gate is perfectly clean and that no emulsion particles have adhered to 
any slide oF pressure pad. The film should be frequently inspected 
between shots, 


‘Two Tyres oF NeGarive Emursion AVAiLantt 


Dufaycolor ciné film is made in two types, known as Type LN. and 
‘Type I.G. The former is for work in daylight or high-intensity ares, the 
latter is exclusively for photography by the light of incandescent 
filament lamps. Type ILN. has a daylight Weston rating of 6. The 
exposure Table 53 gives a rough idea of the aperture for various 
conditions in England in the summer. 

Neither of these stocks requires a filter for their respective ifluminants. 
‘Type L.G. is balanced for filament lamps of about 3,000" K. colour 
temperature. On the other hand, Type I.N. Dufaycolor is balanced for 
Sunlight, or for its equivalent, high-intensity arcs having @ colour- 
temperature of 6,000" K. 

For exterior work Dufaycolor technicians advise the use of an 
‘exposure micter such as the Weston Ciné Exposure Meter, with which 
the correct aperture may be read directly. ‘This meter possesses the 
advantage of a small acceptance angle (approximately 25%) correspond 
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ing to that given by a SO-nim, ciné fens, ‘Type LN. emulsion has a 
fairly long straight-line response, but the usér cannot expect a latitude 
equal to black-and-white emulsions. For this reason setious errors i) 
expostre are not permissible. Over-exposure is much to be preferred to 
under-exposute. The limited scale forbids correct rendering of light 
‘aloes exceeding a sealeof five to one. The object should always be fo 
record every part of the subject on the straight-fine part of the response, 
‘burt in many situations this is impossible and compromise must be 
made. Certainly extreme contrasts of light should be ayoided unless a 
special effect is required, 

LG, stock has 1 somewhat longer scale than Type 1.N., and it bis 
shown itself capable of rendering the subtest gradations of colour, 


Artificial Lighting for Dufaycolor : Type LN. 

‘The makers strongly recommend that any production, the majority 
of sets of which exceed the dimension of, say, 20 ft.%15'ft., should be 
photographed on Type I.N. stock. It is essential that individual lumps 
emit light which is steady in quantity and quality. ‘The colour-tempera- 
‘tice of all the lamps on the set must be matched, and the disteibution 
should be as even as itis possible to obtain, Hot spots must be avoided. 
‘The Mole-Richardson range of studio are lamps meets all the required 
conditions, Earlier types of ure lamp sometimes found in studios in 
Europe are as a rule unsatisfactory, and are obsolete for colour photo- 
graphy. Such lamps are unsteady because they are hand fed and their 
colour-temperature is unmatched. 
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‘Tungsten filament lamps may be occasionally used with Type LN. 
stock, but the wattage required is excessive. A Dufaycolor filter (T.D.) is 
‘svailable for raising the colour-temperature of the tungsten light to the 
equivalent of the high-intensity ares, namely from 3,200" K. to 6,000" K, 

The luminance levels required for IN, stock, assuming @ lens aper> 
ture of //2, shutter at 170°, and 24 frames per second, will be: 


Front lighting + 630-750 footcandien 
Incident light | Highlights 250-1,000 4. 
Shadow areas. S1 350-500 Sh 


Any part of the subject the luminance of which is tess than 250 
foot-candies will be underexposed. 


‘Type LG. 

The principal requirement is that the tungsten filament lamps for 
which this stock is balanced must be curefully matched in colour- 
femperature, Itis highly inadvisable to use old lamps. Studio projector 
lamps of high wattage should not be mixed with general service lamps 
Which are gated differently and have a lower colour-temperature. 
It js impracticable to mix natural daylight or high-intensity arcs with 
** inkies."* ‘The lamps should be run at s colourstemperature of not less 
than 3,200" K. The luminance levels given above for arc lighting also 
apply to 1.G. stock. 





LoAp is KitowArts Require rom 4 Given Ser 
‘Asa rough indication of the load needed for Type 1.G, stock to light 
@ given set with tungsten filament lamps, the following formula will be 
found helpful: 
(1) Load in kilowatts=CD*, 
vice D is the distance from the camera to the back of the set 
feel, 
(2) Also toad in:kilowatts=10-76 CD', 
where D is the distance from the camera to the back of the set 





In metres, 
in both formulie is a constant for each lens; see tablo below: 

Lens, Constant C. 
35 mm, ? ria 
Sb a 2 009 
30 006 
cies 003 

Make-up for Dufaycolor 


The public in their judgment of the rightness of the colour quality of 
films are naturally prone to concentrate upon those colour tones with 
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which they suppose themselves to be most familiar, and perhaps there 
‘has been no objection more prominent than that the flesh colour is not 
Tight. The best result is achieved by the use of the absolute minimum 
of make-up, and it is quite certain that any woman, or for that matter 
any man, properly made up for Dufaycolor could be seen in the street 
without attracting undue attention. 

‘There is no standard make-up to be obtained from one jar and ap- 
plied to all complexions for colour cinematography. Each individual 
must be considered separately. There are two guiding factors for con- 
sideration: 

1, The natural colouring of the individual, which must form the basis 

on which to work, 

2. The type of character to be portrayed. 

According (0 these factors are determined the amount of make-up 
‘and the actual tones of make-up used. 





INSTRUCTIONS ON APPLICATION OF MAKE-UP 

cis important that the light under which the colour make-up is done 
is daylight, ora good artificial daylight. Special glasses can, be obtained 
on application to Dufay-Chromex for use by the make-up artist which 
Will enable him to see his work exactly as it will uppear on the screen, 
‘Max Factor make-up has proven satisfactory, and it should be used in 
‘Accordance with the following instructions, A table of Max Factor 
shades is attached, 

Applying Cake Make-up.—First clean the face with melting cream, 
‘and wipe clean with soft tissue. Pat on a tiny bit of skin freshener, 
‘Then moisten the sponge, squeezing out the surplus water, Rub sponge 
firmly over cake and apply to the face, beginning with the forehead. 
‘You can either wait for it to dry, or pat gently with soft tissue, which 
will hasten the drying process. ‘Then brush over with a powder brush, 
and complete your make-up as usual, All areas of flesh visible to the 
camera must be made up in accordance with the individual make-up. 
Atis important that this should be applied directly and evenly, and then 
‘brushed over. Quantity of pancake used is as required. 

Applying Lining Cotours—Before applying, the lining colour should 
be sofiened with cream, reducing the present consistency about 50 pet 
cent. Then apply by patting. Do not rub. 

Povidering, —For colour make-up neutral tints only are used, Powders 
the same tone as the foundation are generally used. The purpose of 
powdering is to help the texture of the skin, Ze. to give a matt surfice, 
uund it has nothing to do with the colour of the skin. In some cases 
little or no powder is required, 1c. for some characters a slightly greasy 
texture is preferable, Before applying the powder be sure that the make- 
upis thoroughly dry, then, with a powder brush, brush briskly to remove 
all surplus make-up. The brushing helps to smooth the entire surface 
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area, and also to remove any surplus amount which would ordinarily 
appear too heavy. Then powder by patting it over the entire arca lightly, 
using about one-third of the usual amount that is used in comparison 
with grease-paint make-up, After you have powdered, again brush it 
with your powder brush—this time lightly, 

Applying Rouge-—Dry rouge is the most satisfactory for females. 
‘The dry rouge for the cheeks is applied with a powder brush, and is 
blended so-that there will be no demarcation on the edges. Grease 
rougeis better for males. This should be stippled on. Use only sufficient 
colour for street make-up. Watch the complexion carefully during 
shooting, since changes may occur. 

Applying Lip Rowge-—Apply the lip rouge in the usual manner, but 
sparingly. ‘There should only be enough lip rouge colouring to cover the 
natural lip pigment, If, in applying, there is 2 surplus of rouge on the 
lips, remove by inserting a tissue and impressing the lips on this tissio, 
will absorb the excess quantity. Lip gloss used sparingly is 
advised, This helps to keep the lip rouge even in appearance, and 
prevents caking, 

Applying Highlights and Shadows—Whenever it is necessary to use 
hightights or shadows upply it to the areas before using the bese 
colouring. In other words, the highlights and shadows are underneath 
the base make-up, The highlights or shadows can be applied with a 
water-colour brush. ‘The brush is first moistened and then rubbed into 
the proper colouring of cake make-up, and then applied to, the neces 
sary areas, Haye this thoroughly dry before applying the base make 
Up, ‘The base make-up will not smudge the highliwhts or shadows. 

Use of Grease-Paint—Grease-paint is never used ns the foundation in 
place of pancake for Dufaycolor, Tt ean be used in certain cases for 
hightights, shadows, to cover sears, etc., but then only. in very smal 
‘quiintities. The same range of tones is used as in pancake, 

‘Sponges—The selection of sponges is very important. Be sure to 
select a fine-grain sponge of a very soft silky texture, and if possible of 
the type that has not been bleached. 

Arial Eylashes.—If required hese ean be used quite satisfac 
torily. 

General Remarks.—A colour make-up is best an hour or two after 
‘application, when traces of noticeable artificiality disappear and the 
natural skin texture of the individual penetrates the make-p, The 
make-up has by that time become part of the individual. Usually a 
make-up will last for the whole day’s work, It can be retouched and 
repaired as necessary. 

The above outline applies to straight make-ups for colour einenia- 
tography. The sime principles apply to character work: the more 
natural in appearance and colour these can be made to look the more 
Satisfactory the result. 
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‘Tante 54.—Max Factor MAKe-vr For DurAYcotor: Succesten Uses 


Women 
For Normal Compleone 
"or Drab and Yellow ioas 2 
For BrunetiesVery Fair Coapesions 

Sallow of Dark Complexions 

For Blondes—Very Fait Complexion = 
For Hightigh : 


No. 21M Pancake 











For Shadowing. ceo Sara 
For Pondering: S1! LN Powder 
Fortin 2c {) Veriton and Carmine Lipstik 
For Cheeks (Dry Rouge) 32 cannipe Rowe 
For Byes : <2 Nore pe Liting 

Men 
For Nowmal Compleaions «=. No. 24H Pancake 
For Nery Dark Complenions ©.) No 34K -SILSOrSSHY Pancake 
For Fait Complesions = *” Nolo. 
For Shadowing : 2 Noasiy 
For tghtghts : No. 21M 
For Extreme Highlights °. Nop 
ForPowderig s  '.. <2 SCT) NOUSA'Newra 
‘Negative Development 


The various types of automatic developing machines found in 
‘modern processing laboratories are all suitable for the development of 
Dufaycolor negative, Tank machines are perhaps preferable to tubular, 
4s the latter may cause “* flow " marks. The time of development is 
short, In standard Vinten machines with the following formula the 
time is five minutes at 65° F. and development is carried to a gamma 
of 0-95 (see Fig. 17), 


Duvaycotor 35-sm1. NuGAtive Divetorre—Foruta D.S.9 


Matron GA uf spas 
Sam Spite (Cru eect 
+ Thbsaiphate (Hypo) a 
PitiBomon ee cE Be 
DissoNe A in $00 ce, of water, 
Sodium Hydroxide (Cause Sod) + 2S pm—H 
Dissolve B in $00 of wae 
‘Take equal parts OF A and By 


Solutions A and B keep well separately. When mixed the life of the 
developer is short. A 24-gallon tank will develop 5,000 ft. of film, and. 
it should then be thrown away. ‘The developer is not very costly to 
‘mike up, otherwise the rapid deterioration of the bath would be a 
serious defect from the laboratory costing aspect. 

Projection—Normal. But Dufaycolar film caniot be properly 
appreciated in theatres equipped with light-sources which are in- 
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adequate for black and white; and this can be said, unfortunately, of 
‘many British theatres. Sinee the réseau is responsible for the absorption 
of at least 70 per cent. of the light, it follows thavin whatever theatre 
the film ts shown the whites of the picture are only 25 per cent, as light 
as:normally. This would unquestionably be very serious were it not 
for the adaptation powers of the eye, Even so, if we conclude that the 
average luminance of the screen in the larger theatres is 7 foot-lamberts, 
then the screen luminance for clear Dufayeolor réseae will be only. 
1-7 foot-lamberts.. ‘Therefore it is highly desirable that Dufaycolor film 
should be projected with the maximuni tight. 





























Fin, 177.-—Characteristhe cirve of Dufiycolor 35 min, Negative Fil, 


Remarks.—No colour proves can claim all qualities, and Dufayeolor 
has many points in its favour. It isa straightforward negative-positive 
Process; thus the analysis und synthesis is reduced to a purely photo- 
‘graphic operation with the minimum chance for defects to arise during 
{series of difficult transformations. The colour range is all that could be 
desired, delicate tones being rendered with great beauty. As a technical 
uichievement in manufucture nothing more remarkable has been done in. 
the history of photogriphy. Had the whole project been put before 
experienced photographic manufacturers in’ the first place, it would 
probably haye been rejected as chimerical, {t could only have reached 
the present stage of practicability by the untiring belief and support of 
Private individuals determined, in spite of endless obstacles and the 
Prospect of almost certain failure, to solve the prodigious problems 
involved. 
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Dufaycolor 16-mm, Reversal Film 

Instructions —The camera should be threaded in the usual way, but 
the glossy side of the film must face the lens. There is a metal band 
around the spool to protect the film from unwanted light during loading, 
Do not remove this until the last possible moment. But do not forget to 
remove it, Loading and unloading should be carried out in a shaded 


ce, 

Colour Filter-—No filter is required for daylight photography. 
Filters are supplied by the makers for various types of tungsten filament 
limps. 


TAULE 5S,—ExPOSURES IN SUNSHINE IN Bemis IsLes AND. 
SwattaR Latrrupes: 
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ey aD | | cae [at [ony 
Sp oe et | 
save | | ge | gm | see | nee | res 
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on soo ert 
eer 





Bt booe me | me | me | ms ms | ie 
Narrow sate soma | ms | ms | me om | me 
Woodland dee. | ms | ms | mas | me me. 


Too 
i oR 
L u 





nblepane st aaa ete tam i P50), St overerpoe a prea» 


Exposure.—Correct exposure is, needless to say, essential. A reliable 
exposure moter should be used, such as the Weston, Model 819. A. 
‘general indication of the exposures required is contained in Table 55. 

‘Table 56 gives the speed ratings for Dufaycolor reversal film given. 
by the more commonly known still and ciné exposure meters, 

Profection.—With the ordinary home projector a picture 2 ft. 6 in. x 
1 fi 8 in. is suitable size to show. Larger pictures tend to emphusize 
the pattern of the screen mosaic, It is advisable to use a 3-in, projection 
Jens, Do not use too much light, A powerful projector is needed only 
when it is required to show a picture several feet wide, 
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CERTAIN Durayooton PATENTS 


Four-colour sreen, 

‘Triplex film. Acetate between nitroselfulose, 

‘Two separate ayers, For sills, 

‘New plasticizers such s hexachlorpropane. 

Double catting of base. 

‘Opaque esulloss tiatria 

Evaporation of solvents. 

[New plasticirers such as dlpheny hal-tesplphosphate, 

‘Worreduve static charge.  Appanitos therefor, 

Print 1 red, yellow, ack blue screen, 

Special meniscus coatings machine. 

‘The sereen a» now mide on cellulose aceta, 

‘Angle of lines of screen. 

Printing machine for ean, 

Intensification of tho original, Dilution of colour in copy 
voided by pure tes in orginal sereen. 

“Treatment oF surfice with alkaline reagent auch as 
cast potash to dyeing, 

Snelusion of dye i ink vesist. 

Surface layer of eellilose ucstate, 

Sound record track for réseu fin 

Stripping positives for opaque printing. 

Tsolation coating between cel. acetate base and collodion 
to avoid dissolving dyes in Ase, 

Apteation of yes In nowpeetratve sate, Powder or 
castor oll 

rinting with spectrusn beam. 

Duplication of muster negative, 

Printing, Mutiple sourve, 

Printing upestine, For elinination of moire. 

Printig apparatis. Diffusion of soreen elementa, 

Tueeoour prin 

ape pint ro Dulioclor original ranmparein. 


Depth developer for negative-pasitive processing. 
‘Bitmen coating. 

Bich souia® 

‘Acid stop bath, 

Hot box. 


Degreasing. 
Adaptable collets, 
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‘THE LENTICULAR PROCESS 
Involving Specially Adjusted Filter Unit for Camera and Projector 


Like all soreen processes, this process depends upon the power of the 
eye to integrate the colour sensations derived from minute nreas, of 
coloured light of various hues. Individual elements consisting of 
primary. colours blend into a single sensation at a distance which is 
determined by the resolving power of the eye. Such a process is evi- 
dently rightly classified as additive.’ 

The lenticular process is, then, a screen process in principle, but the 
sereen is formed entirely by optical means, the colour filter elements 
being placed in the lens system ind the soreen image formed as an image 
by microscopic optical elements embossed upon the film base, Most 
physicists would consider the lenticular process as the most elegant 
solution of the problem of motion pictures in colour so far discovered. 
Tt must be agreed that there is something very pretty about the idea of 
making the film base itself provide part of the optical system. Yet with 
all its theoretical perfection this system has certain defects which must 
aye been overlooked by the pioneers of the method and which still 
effectively prevent its commercial success; or, ifthe defects were realized 
then, there was undue optimism that they would soon be overcome—a 
very common fault with the pioneers of colour systems. 

‘The best lenses in miniature eameras or ciné cameras have for, say, 
4 focal fength of 30 mm. a disc of confusion equal (0 gly ity or 
0-05 mm, The lenticule is 0-02 mm. in width, and for accurate results the 
image should fall only on one lenticule, ‘This is why out-of-focus and 
marginal images are very poorly portrayed in lenticular systems, 

Friedman points out that insufficient justice has been done to some 
of the precursors of Berthon. This is true, Thus Lipmann first con- 
ceived the possibility of using a film material embossed with minute 
lenses (Brit. Journ, Phot., 58, 1908, p. 192), The film was to be 
embossed with a honeycomb of microscopic lenses, And F. N. 
Lanchester, an English engineer of genius, first suggested the replace= 
ment of a coloured: screen in contact with the emulsion by means of 
forming an image of a rectangular slit divided longitudinally by three 
filter bands of red, green, and blue. An image of the subject in terms of 
this slit wil be recorded 4s a series of parallel lines of denisity relative to 
the colour of the light, and of courss the sensitivity of the emulsion— 
an optical screen in effect. R. E. Liesegang was the first inventor to 
use a banded filter (Brit. Journ, Phot., 43, 1896, p. S69), 


The smallest visual angle ih which two distinct points may be observed is 60 
Seconds. Below this the two sensations fuse into one. “The retinal inige corre 
sponding (0 this arigle ix 0.004 mm, neatly the diameter of a single rod oF cone, 
‘The eve can see.a spot of u diameter of gy in. 
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Lenticular film represents the physicist’s solution of the problem of 
colour photography, but attractive though it is at first sight the process 
loses its charm when subjected to closer scrutiny. Owing to the im- 
possibility of conforming to ideal geometry in the design of # tens, the 
lenticular process suffers from: 


A. Marginal rays which have excessive circle of confusion and are 
focused on more than one Ienticule, with consequent colour 
trrors such as desaturation. 

B, Necessity of using nearly maximum aperture, with resulting poor 
depth of field, the) focus for many planes of the subject 
‘occurring in front of the focal plane and thus covering more 
than one lenticule. The effect of this error will be colour 
desaturation and parallactic fringing. 


‘These defects would, however, be largely avoided by the use of 
lenticular film as the projection positive only and printing upon it from 
4 master monopack negative such as Ansco’ Color, Kodacolor, or 
Agfucotor could now provide. This is perfectly practicable in theory, 
but it involves the almost insurmountable drawback of necessitating 
special projection optics. 1,G. (E.P. 392,987) patented the process of 
contact-printing three separation negatives (normal) placed in contact 
With the embossed side (film-base side) of the lenticular positive film. 
‘The exposing beam is given an angular divergence with respect to tho 
lenticular axes such that the image will be formed in the correct zones 
behind each cylindrical lenticular element. 

‘The first important patent was that of R. Berthon, a Frenchman dis- 
tinguished in astronomical optics, The patent (E.P. 10,611, 1909) may 
thus be summatized: A three-colour screen is placed in the objective and 
a series of microscopic images of the objective are obtained on the 
negative, carrying on one side a panchromatic emulsion and on the 
ther side lines on a transparent embossed, striated, or grained surface. 
When the screens in the objective aré arranged as parallel slits the film 
is embossed with semicylindrical strinted surfaces. The negative may 
be developed as a negative or positive and used for reproduction through. 
the same objective. ‘The screen may be replaced by one with comple 
mentary colours, depending upon whether # positive or a negative is 
used (Fig. 178). 

‘An important feature of Berthon’s patent was that the tricolour 
filter should be placed at such a distance in the cone of rays that three 
elements were included from any point on the sensitive surface, 

‘A. Keller-Dorian patented the methods for embossing the film by 
passing it through two cylinders, one of which had its surface engraved 
with the pattern of the lenticulations, while the counter-roller was to 
have in elastic surface, the elasticity of which allows of varying the 
depth of the impressions from the engraved surface on the film and 
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consequently also the profiles of the refracting elements (E.P, 24,698, 
1914). 

In pre-war Germany the firms of Siemens and Halske of Berlin, 
Perutz of Munich, and 1.G, Farbenindustrie were active in the technical 
development of the lenticular process. Opticolor Akt. Ges. was jointly 
formed by the above interests to. hundle the European exploitation. 
Some eighty patents had been granted to these interests during « period 
of three years. Yet the lenticular process is still in the developmental 
stage in spite of all this lavish expenditure of brains and money. It is 
now doubiful whether anything will ever come of it. 

4n 1925 the Eastman Kodak Company acquired the 16-mm, rights of 
the Berthon-Keller-Dorian patents, and in 1928 lenticular film was 
placed on the market under the trade name of Kodacolor. The following. 
description of the process was given in « paper entitled ** Processes 
of Photography in Natural Colours,” by Glen E, Matthews, of Kodak 
Research Laboratories, Rochester, New York, 


THE KODACOLOR PROCESS! 

Koducolor is three-colour additive process which realizes the principle of line 
Sereett method without the added difficulty of ruling a screen on the film support. 
‘The prooess is based on a means of impresting 4 series of microscopic cylindrical 
Jenses into and across the support side of panchromatic film (Figs. 179, 182). A 
banded three-colour filter is fitted into n holder in front of the lens of the camera and 
[projector The fit is threaded in the camera with the emulsion sie away fran tho 
Jens so that the light, before it reaches the sensitive emulsion, rust be transmitted 
by the thy embowsed lenses, each one of which thus images the bands of the colour 
‘her on the film, Ifthe subject is white, all three colour filters allow Tight to pass 
and three lines are exposed urider each fens element, If the subject is red, that is 
Fit rolcots rod light, only the red parts of the filter transmit the light, and the 
‘emulsion areas illiminiated by this section of the iter will be exposed. With colours 
that ure made up of more than one primary it follows that more than one part of the 
‘ticolour filter will transmit the light. 

Pertiaps this may be made a litte clearer if only one Jens element and one colour 
OF light, say bhie, is considered as shown in Fig. 180. Here itis seen that the blue 
Hight exposes on area about one-third that under the lens element (No, 1), On, 
evelopment this urea becomes opague (No. 2). The film is then bleached, and the 
Remaining silver salts are givea a controlled exposure (No. 3) und developed up, 
‘Now the area affected by the blue light becomes clear and transparent, while the 
lsrea corresponding 10 the red and. green flier segments is opaque (No. 4). When 
‘white liaht is directed on this single lens section, it passes through the area where 
the blue light exponed the film; and singe the optical system is reversible, it follows 
‘that the light will strike the blue segment of the filer and form a blue spot on the 
Screen, sitios no light reaches either the greea o red filter segments. In other words, 

‘he tiny fine areas transmit all, part, oF no light, according as the subject rullects 
all, part, OF none of the corresponding coloured light. The various colours are 
Ircombined on the seen to repreniace the tur eolouy of the ate photo 
ray 


© The name * Kodacolor” was originally applied to the 16 mm. lenticular 
process ws commercially exploited by Eastman Kodak. The lenticular progess 

‘now extinct, and the name was adopted for the negative multilayer rolllm. 
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‘Examination of an wetual picture wil make this principle clearer. Fig: 181 shows, 
‘on the left » picture on Kodacolor film (actual ize) of a child weating a red hat, 
‘The child's head stands out in silbouette aysinst a blue sky. In the enlargement on 
the right of one picture of the series the characteristic line composition of a Kodacolor 
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Fic. 178.—Principle of the Lenticular Process. 


(6scing p.228) 





Fio, 181.—Kodacolor film, showing embossed surface. (Additive Kodacolor,) 





Fic. 182—Photomicrograph of crosysection of Kodue 
color film (thick Black fine fs the emulsion 





(Facing 9.321) 
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THE AGFACOLOR LENTICULAR PROCESS. (Additive.) 
(Obsolete.) 

At the risk of repeating ourselves, we give here extracts from a paper 
‘on the above process which makes very clear certain aspects of the 
lenticular process. The paper is by F, Weil under the title** The Optical- 
Photographic Principles of the Agfucolor Process "* (a translation 
appeared in the Journ. Soc, Mot. Pic. Eng., 20, No. 4, 1933), 

Weil notes that the resolving power of the eye is a visual angle of one 
minute, corresponding to 0-02 mm, at the natural viewing distance. 




















ray 
Fra 18, 


‘The width of each lonticule or embossing on the film is about 0-028 to 
0-043 mm., the focal length being 010 to 0-14 mm. 


‘The lenticular screen process as developed by ‘Berthon solved the problem ty 
very simple and ingenious means, Berthon abandoned from the very beginning the 
idea of attaching the fiters, corresponding to the different surface elements, 10 the 
film (surfice elewents of a screen of the mosale typ), and of providing the ‘lm 
laself with neal colour sereen. On the contrary, the screen is produced on the 
{lm optically daring the exposure, smd on the screen during projection. ‘The Alm 
Serves only ax a support for an optical system of tiny cylindrical lenses embossed 
fon the film biwe, The width of each fens is about 0028 to 0043 mm. the focal 
length being 0-1 to O14 mm. ‘The lenticular screen is adjusted to the (aking or 
projosting lens system, as shown in Fig. 183, A colour filter having three coloured 
lareas, red, green and ble, in three panilel sections, is placed either inside or 
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‘outside the lens system, It does not matter where the filter i placed, 0 long as it 
‘controls the aperture. Furthermore, the filter diaphragm, or its virtual intige, must 
‘hot obscure the entrance pupil of the fens from nay part of the him. ‘The’ outer 
Batt ofthe filer would be s0 obscured, viewed from the margins of the fil area. 
‘This defect will be more fully descrited later. Once the position has been fixed for 
exposing the film, this position becomes an inseparable characteristic of that 
particular film, and controls the true colour reproduction. "The illustration shows 
the colour filer (RGB) placed in front of the lens, as occurs in practice, The viral 
Jmage appears af the distance F from the film, the width D representing the limiting 
diaphragm. Each of the cylindrical lenses embossed on the film produces a real, 
inverted, and reduced image of the tricolour filter in the focal plane of the embossed 
lenses, sines the distance from the fil to the filter, in comparison with the very 
short focal length of the embossed lenses, is practically infinite. The filter image 
replaced the ruins of & mosaic screen, eich imaye corresponding to one of the 
‘creen units, "The maximurn width is equa to the width Of one embossed lens, and 
His length extends over the entire height of each picture, in the direstion of the axis 
‘oF the cylindrical lens. However, the units do not carry their own real three-colour 
‘screens, but look, 80 to speak, through telescopes to the one comman colour acroet, 
placed i the limiting Wuphragm of the lens The film itself appears colourless 
‘under ordinary observation, 

‘The development Is the same as in the colour sereen process; Le the original 
must be developed to a positive in onder to obtain a Jitect reproduction I true 
colours, But while the screen positive itself contains the record of all colours, its 
Recessiry to provide certain optical arrangements for projecting the lenticular films 
In colour. The simpleat arrangement woul! be to use for projection the satne lens a8 
used in the camera, which would simply reverse the path of the exposing light. When 
lenses of other focal length and construction are used, care must be taken that the 
Position and width of the colour Blter appear, roms the point of view of the lenticular 
screen, ential to their relations during exposure. It f only then that, atthe given 
fal ent ofthe lecular elements the sin and width ofthe ter ages 

the lenticular screen are identical to those of silver images fortned by exposure 
and development of the Gl, 

AF the colour value of the projected image is to be at ila best, the screen must 
satity certain requicements: 

1. ‘The real image of the Olter ax projected behind the Jens elements must Ie kn 
the optical plase of the enilslon; the thickness of the film base ad the focal 
Yeouih of the Jens elements depend on each other. ‘The focal kngth of the lenses 
Jn tun depends on the refractive index of the base ind on the curvature of the 
fenses; Hence the embossing of the screen must be done fp a very particular way. 

1c cite real ile images behind the screen should cover the wperture ofthe les 

elements in the sume way us the flter covers the aperture of the camera lens, NO. 
Hight should be allowed to pass between the filer images, as the white light thus 
{pissing Would weaken the colour. "The sire of the real filter image bebind the screen 

determined ty the following simple optical relation: if, acordinu 10 Fig. 183, D is 
the unparent width of the filer a8 viewed from the fin, and fs the apparent 
sistance of the titer, then F/D wil be the aperture at which the Biter appears when 





ratio FD is given by the focal Jength of the lens and the arrangement of | 
‘et he maximum focal length of the lens clement is Unita aes et 
-cannot be greater than the width of the cylindrical lens elements; 
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‘Lexricutan: PATENTS: 
(British Parent Numbers) 


10,611 305,669 375,301 406.377 433,875 446,282 470,801 
BG Re Ee ay ee 









276 408,358 434,305 446,977 471,520. 
28 

e378 

540 

4534 

180,656 
207,836 
27831 
21486 
236,204 

ASS 

Hees 

Bar 

Er 

264,123 

Tait 3400 
274,848 363,387 
‘279,837 363,409. 
‘BAIS 363,447 
285,035 364,559. 
(286,684 364,627 
Eee mer a 
‘289,886 367,411 
DH TAI 
294,579 368,970, 
20778 30202 
298,242 371,546, 
ie Hao 
203,356 374,993 
303,387 375, 
W443 373,229 


fr, by using a tricoloue filter, the adjoining images on the outer iter strip would 
‘overlap, aod red und blue colours would appear more or fxs purple 
3. he turrower the Individual screen lenses, the lew the striped screen of the 
image will be Visible on projection; on the other hand, the revolving power increases 
find enables even the smallest images to be resolved fato their details, Naturally, 
the grains of the emulsion should be small eomypared with the width of the stipes 
‘of the fills image, tn the Aefacolor process, in which the width of the fentoular 
‘lements is 0.028 rom, the images ofthe individual colour stripes have a maxima 
‘wid of 0009 mits, or Wwenty times tho wavelength of Bluelight. With respect to 
resolving power, the lenticular sereen is superioe to the mosaic colour screen. 
Owing to the geometrical co-oedination of the object, lens, scien, and image, 
Seuss even araller than the width of the lenses are reproduced in their correct 
position as regards colour. With images smaller than one-third the width of the 
Screen, mined colour details cannot be resolved into ther individual colour elements, 
44, The quality of the picture depends lingsly on the photographic qualities of 
the emulsion, particularly on its colour sensitivity. The Tater, m turn, determines 
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the choice of the fier colours with respect to their spectral transmicsioo. 

Judgment and decision on this matter and the choice of the filter 

bbe based merely on principles of subjective psychology and on average taste, 
“Theoretically lenticular films can be printed, but not 

‘method—numerous possibilities of doing this have been described amd patented. 
It is important to preserve the original co-ordination between the density 

fens elements, The geometrical co-ordination between the 

‘elements, and the projection lens roust be identical in both the copy and the 
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CHAPTER 4 
Subtractive Processes 





What skilful imper eer would choose 
"To paint the fainbow's varying hues, 
Unless to mortal it were given 
‘To dip his brush in dyes of heaven? 
Soorr. 


Projection Normal; Camera may be Normal or Otherwise 
A. TWO-COLOUR SUBTRACTIVE PROCESSES 


General Principles.—In subtractive processes the film is itself 
coloured, each picture being a complete colour photograph. Itmay bea 
two-colour print of limited colour range, or it may be a three-colour 
print providing differentiation in chromaticity adequate to reproduce 
with remarkable accuracy the colours of the natural world. Until very 
recently all subtractive colour films were two-colour, Subsequent to the 
early productions of Hernandez-Mejia in 1913, a considerable number 
of processes appeared, Reference will be found to some of these in the 
Historical Summary. in. this book, Early two-colour Technicolor 
‘aroused criticism from the public of the definition; and the peculiar 
variety of colour harmony, which was the outcome of the particular pair 
of roughly complementary colours chosen, was never really popular. 
The * reds "* had an unpleasant salmon-pink tone, and the ** blues *” 
were of a very green hue. But defects of this kind are inseparable from 
two-colour, because one is always effecting a compromise and engaging 
in stratagoms in the endeavour to rob Peter to pay Paul { It is possible 
With careful choice of two dyes, or mixtures of dyes, oF of certain 
inorganic compounds, to get fairly true flesh colours and a very pleasing, 
general effect which in many respects is not unlike the restricted palette 
of some of the eighteenth-century painters; but the total absence of 
genuine blues, violets, purples, pinks, lavenders, and, above all, yellows 
and yellov-greens, severely limits the potentialities of a two-colour 
process. The recently introduced Technichrome, which is printed in 
two colours, is an improvement on the original two-colour Technicolor, 
butit inevitably suffers from defective colour rendition and the defini 
eaves much to be desired. Nevertheless, the colour is attractive within 
its range. 
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The late Dr. Troland of Technicolor said, in discussing the limitations 
of two-colour: 


The fuct that two-colour negatives are easily obtained by means of 
bipack exposed in a normal camera has lengthened the survival of the 
better two-colour processes. Examples are Cinecolor and. Trucolor. 
Some further discussion of bipack negative will be found in Chapter VI. 

Bipack negatives are generally printed for two-colour subtractive 
work on double-coated positive film. An Eastman film stock suitable 
for this purpose is Duplitized Positive, Type 1,509. This is a yellow- 
dyed emulsion coated on both sides of standard film base. A similar 
product is made by Du Pont and Gevaert. Technichrome is printed by 
imbibition on single-coated film base. 

As typical of two-colour processes involving inorganic colour toning, 
the following formule represent reliable data (by courtesy of Dufay: 
Chromex Ld.): 

FlmSteck -.  .-.. Geet Doutie Coed Posing (sr, coted on 

ateliiati in side oF thefts) 


Two-Cotour Toxic OrreaTion 
Timetable 


Operation. 
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PotReriqabie eke [00am 
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aa 
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Dilute with equal quamity of water. Add hydrochloric 10 ¢<. for $00. of bat. 
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yurocals Ae (cn ; oe 
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Fixing Both 
HYP ee new BO pF cen. 
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Ammonia880.. 4. te SB 
Water Se, os (ARO. 








‘The unexpected revival of interest in two-colour processes has 
brought Cinecolor into the foreground as a major competitor to 
‘Technicolor, and today there is an output from the Cinecolor labora 
tories of no less than one hundred and twenty million feet of print per 
annum. This extraordinary turn of events in the history of the colour 
film is to be explained parily as an economic phenomenon, and partly 
asian answer to the insistent demand for a product possessing ucceptable 
quality but which, for its production, does not necessitate a beam= 
splitter camera and the rather meticulous limitations imposed by the 
more complex three-colour competitors, " 
Tn fact, @ two-colour process can, in the nature of things, only provide 
a minute proportion of the total range of colour sensations, and the 
undoubted satisfaction which has apparently been registered by 
audiences confirms the belief held by many colour film experts that the 
‘average film-goer is fur less sensitive to the subtleties of colour than had. 
been generally supposed. It does not seem that two-colour films have 
impressed even film technicians as being markedly inferior, ot indeed 
different in any way, from films possessing x full colour gamut, and 
whilst producers can hardly be blamed for exploiting the advantages 
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which this situation presents, itis dificult for the technicians not to feet 
some regret at the re-emergence of a type of process the limitations of 
‘which marked an earlier phase of the evolution of the colour film. 

From these remarks it must not be concluded that Cinecolor, for 
example, is not of its class admirable, but it may be safely predicted 
that it would either have to be so modilied as to become a three-colour 
process or suffer a decline in popularity the moment there is offered a 
Uhree-colour product of comparable cost and ease of manipulation, 
‘And this prediction can be made because, while it may not be obvious 
0 audiences, producers and directors are perfectly well aware of the 
rave limitations imposed upon them by the two-colour proces, forced 
as they are to solect subject matter and to devise treatments which will 
concedl the fundamental weaknesses of the two-colour range of 
chromaticities, 

It is to be noted that the ease of handling two-colour film has 
attracted the attention of news-film producers and an attempt is to be 
‘made to introduce regular issues made in the United States. Further- 
more, not to be outdone, the Tectinicolor organization has recently 
announced its intention to make available theit product in a two-colour 
form under the new trade name of * Technichrome.'* This is certainly 
{4 case of history conforming to the cyclic law, since we return again, 
Perhaps in a slightly modified form, to the pre-Cucaracha days of The 
Wax Museum and The Black Pirate, 

With regard to the frequently advanced objection to double-coated 
ositive as not being capable of being projected with perfect definition, 
R. H..Cricks has observed, ‘* Mathematics disproves this idea. The 
thickness of the film base is -005 in.; assuming a 5-in. projection Jens, 
this means a difference in image plane of 1-1/1000th the focal length, 
Ata throw of 100 feet this means a difference in focus of only just over 
‘an inch; quite normal angles of rake produce a difference of two or 
three feet, which passes unnoticed 

If colour prints made from bipack negatives suffer from lack of 
Aefinition, this is to be ascribed solely to scattering of the light rays in 
Passing through the first emulsion to reach the back element of the bi- 
ack, for which reason every technical device must be adopted to ensure 
the maximum contnet between the two films. 
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SUBTRACTIVE PROCESSES 
EXAMPLES 
Cinccolor (Product of Cinecolor Corporation, Burbank, California) 

Classification —American two-colour subtractive process, (Three 
colour prints have also been processed.) 

‘Camera-—Normal, equipped with special Cinecolor bipack convex 
roller pressure plate and suitable double magazine. An N.C. Mitchell 
is usually employed, 

Negative Film Stock.—Eastman Bipack. ‘Type 1236 Ortho and Type 
1235 Pan. For daylight Type 1234 Ortho is substituted. 

Printing —Eastman Type 5509 ** Duplitized,”’ coated on front and 
rear of film support. 

There is no reliable information, but one side is doubtless toned 
Prussian Blue (fertoferticyanide) atid the other side is dyé-toned by use 
of an iodide mordant, (Traube.) (B.P. 506,450.) Cinecolor patents cite 
the following iodine bleach mordant. A **Predip" of potassium iodide 
710 14%, and generally 10%; the bleach being iodine of 0-024 10 0.6% 
plus potassium iodide of 1-4%, The method of application is most likely 
to be by flotation, All printing, optical or contact, is necessarily carried 
‘out on step-by-step registering pilot-pin printers. The sound truck is 
iron-toned silyer, and hence blue.” 

Remarks.—Cinecolor is the direct descendent of W. Van D. Kelley's 
* Prizma,”’ from which a large fami "stemmed, 
amongst others “* Kesdacolos * Magnacolor,” 
* Multicolor," etc. W. T. Crespinel has stated that he was associated 
with Kelley and in 1928 was interested in Multicolor. Crespinel claims 
to have been instrumental in developing « practicable bipack with the 
assistance of Du Pont, He recalls that they called the earliest bipack 
“Rainbow Negative.’” Du Pont subsequently sold this material as 
“ Dupack."* The first major feature was M.G.M.'s “* Gallant Bess,"* 
photographed by John Boyle. It is claimed that today Cinccolor is 
Processing a hundred million fect of print pet annum. Cinecolor is 
also processing both 16-mm. and 8-mm. prints, Reduction negatives 
‘are made from the original 35-mm. bipack negatives, 

















Reference 
Keane, N., Amer, Clhematoxrapher, 29, 373, 389-91. 


Cinecolor 16 mm. Technique 


Summary of Method.—Essentially the normal pair of two-colour 
35-mm. separation negatives are so orientated and registered that they 
may be used for printing fice to face a double-coated positive stock 
sandwiched between, but for this special purpose each 35-mm, negative 
bears two parallel 16-mm. separation negative image strips, the bluc- 
+ Wehas recently been revealed that the cyan image is also dye-toned, the kodide 
‘mordant being employed, as for the red-orange toning. The sound-track is ow a 

‘ormal allver Image laequer-protected during the toning operations. 
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green printer negative bearing also two parallel sound-track 16-mm. 
negatives correctly aligned in relation to their associated 16-mm. 
negatives. Thus using the 35-mm. laboratory equipment two 16-mm. 
Prints are yielded from one tun of a 3S-mm. negative strip of film, 

Description—Production of 16-mm, Cinecolor began in 1939. 
‘A. M. Gundelfinger and J, Smith of Cineeolor claim to havo been the 
first to devise the method of printing two 16-mm. strips side by side on 
one 35-mm. strip, which could be processed on their existing machines. 
‘They christened this method ** double-sixteen." The pair of release 
16-mm. positive are slit from the 35-mm. strip after processing. Double- 
sixteen: negatives or positives necessitated the provision of alternative 
sprockets and pulleys on the processing machines with a simple 
‘mechanical change-over control (Fig. 186). 

‘The Cinecolor optical printer, which is the pivot of this technique, is 
capable of several types of operation (Fig. 187). 





Pa, 186A.—Cinecotor double-sixteen arrangement for printing, perforation, and 


1. Printing optical reduction 16-mm. negatives on 35-mm. stock 
from master 35-mm. duplicate positive intermediates. 
2. 1 to | projection printing of 16-mm. Viz.: 16-mm. separation 
egatives from 16-mm. Kodachrome original positives. 
3. Enlarged 35-mm. separation negatives from 16-mm. Kodachrome. 
Projection can be from either end of the optical printer. The projector 
lamp is 1,000 watt, Biptine filament, ae 
Each pair of parallel 16-mm. negative images must be placed on 
the 35-mm. strip with the utmost precision, since a complementary pit 
has to be printed on a second 35-mm. strip for register printing face 
to face with the first strip with “‘ duplitized "positive sandwiched 
‘nally, two negative sound tracks have to be printed in the 
Correct position relative to their associated 16-mm. image strips. ‘These 
sound-track negatives are confined to the cyan-printer negative, 
Cinecolor perforate all their negative and positive stock, ‘They use 
thrse rows of standard 16mm. perforations, one in the middle and 
one along each edge, employing a special perforator. 
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‘The developing machine provides the following facilities: 

1. Developing time variable from 3 to 35 minutes. 

2. Tension on film never exceeds three-quarters. of s pound. 

3, Turbulation and circulation of developing and fixing solutions, 

4. Micro-variable drive compensated for film stretch in wet and dry 

stages, without increasing tension. 

Printer light intensities are resistance steps brought into circuit by 
relays actuated pneumatically, or electrically, by, means of punched 
strips of 35-mm, film stock. Nine resistance positions provide 21 
printing lights, An auxiliary resistance adds 19 additional printer steps. 
‘The two sound tracks are printed simultaneously. “* The images of the 
two sound tracks are turned optically to permit the sound negative and 
positive stock to be driven directly from the same shaft." 

When slitting takes place a 3-mm. strip is removed which contained 
‘one set of perforations. 

Previous to copying Kodachrome 16-mm. originals they are hardened 
by the Peerless process for surface hardening. A black-and-white 
reversal 16mm. print is first made for editing purposes. Clear leader 
with instructions written on it is cut into the Kodachrome at points 
Where lap dissolves or other speciat effects are to be inserted. It is 
claimed that both two and three colour separations are made. Separi~ 
tion negatives are developed to the low gamma of 0-35, but this may 
vary for the individual colour-record negatives. 


PaveNts HELD BY CiNECOLOR ConroRaTion-—10/11/46 











United States; United States. United Staten. British 
1.744.459 al ase Br 497,412 
1is0sc29s 2183061 466,290 
1,562,319 2,218,001 473,993 
17Ra's15 2226,339 $06 450 
1.686.907, 2273556 $23 
1734076 Zanss7 $25,519 
es a Pad 
1893%eo8 $38,555 
1927887 538,556, 

(Other jatents pending.) 





Chemicolor. (Obsolete.) 

The German Ufacolor process us worked in England, (1930). 

Camera—Normal. Bipack (Agi). 

Printing—Chemical toning of double-coated film, Probably iron 
4nd uranium toning with possible addition of dyes and mordanting. 
Colorfitm Process. (Probably Obsolete) 

‘An American two-colour subtractive process (U.S.P. 1,633,652). 

Camera—Probably bipack in a standard camera equipped for bipack. 

"Teas, SN. Photo Teehirique (Nov. 1941), p17, 
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Printing —Double-coated film was used. The film was frst printed on 
both sides. using the appropriate two-colour negatives, and then de- 
veloped in the usual way. Both sides were then toned red-orange with 
Uranium. All treatments so far were done by immersion. ‘The side that 
Was to be toned blue-green was then passed over wicks thut fed a 
solution of iron and acid to one side of the film, converting the red- 
Orange tone to blue-green. 


Colorcraft. (Probably Obsolete.) 
American two-colour subtractive process. Worked in 1929. 
Camera.—Beam-splitier or alternatively bipack. 


by the iodide mordanting process, No details available, Probably 
based on the Traube patent (D.R-P” 187,289, 1905). 


Coloratura Process. (Probably Obsolete.) 

An American process which belonged to the Pathé Exchange, Bound 
Brook, New Jersey. Two-volour subtractive. 

Camera-—Negatives were made with normal bipack in @ standard 
bipack camera—probably a Mitchell with the four-rolier pressure-pad 
in the gate, 

Printing —Printing was carried out on double-coated positive stock, 
and this was dye-toned on one side and metallic-toned on the other. 
The double-coated film, having been printed on both sides with the 
respective two-colour negatives in registration, was first given a special 
{reatment on one side to make it dye selective, and from then on the 
film was totally submerged to receive both colours, the blue-green, tone 
on one side and the red-orange dye on the other side, neither colour 
going to the wrong side. The film was treated in a continuous processing 
machine, 





Fox Color. (See Early Kodachrome.) 


Dascoloar. (Probably Obsolete.) 

Subtractive tyo-colour process. 

‘The patents of M. LJ, Dassonville of Brussels describe the unusual 
system of chemical and dye toning which was used for this process. 
‘The technical development was sponsored by M. André Debrie, the 
French cinematographic engineer and manufacturer, 

Camera—Debtie bipack special model, Normal cameras may be 
used if they are adapted to expose bipack. 

Printing EP. 377,411 described a method by which successive 
exposures were made upon the same side of a normal positive film, 
After the first exposure the film was developed and fied as usual. The 
film was then resensitized by an iron sall which bleached the silve, 
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image and rendered it capable of beiig mordanted. The second image 
‘was printed and processed in colour, after which the first image was 
dyed through the second, Thus after printing, say, the first red-orange 
negative, and developing and fixing, the film was resensitized with a 
solution of ferric chloride containing oxalic acid, dried, and exposed 
lunder the blue-green negative. After blue-toning with potassium ferri- 
cyanide, the film was washed and immersed in a mordant bath of 
potassium iodide, and was then passed through a bath of orange-red dye 
and washed with acidulated water. The second image might be printed 
fromapositive and developed with potassium ferrocyanide. The process, 
it. was claimed, could be made into one of three colours by adding the 
third component by mechanical printing, by which was meant, presum- 
ably, imbibition printing. Instead of ferricchloride, the oxalate, tartrate, 
‘or citrate might be used. 

ELP. 379,558: The process in this specification was modified for the 
production of a combined sound and picture film by printing the sound 
record on the film after the resensitizing step. During the first exposure 
the sound track was masked and the unexposed sitver removed when the 
first image was fixed. After the film had been resensitized, the sound 
record was printed simultaneously with the second colour record, the 
two being recorded on the same negative. 

Remarks,—It was stated that this procedure had been considerably 
modified, but the details of the process have not been published. 
Debrie designed a special printer capable of printing both negatives 
simultaneously on to one frame. How this assisted, if the process 
followed the method described in the patents, is not clear. 


Falicolor 
{Product of the Trimble Labonitories, Inc., Hollywood, California.) 

‘Two-colour (three-colour also claimed) subtractive process. 

Camera.—Normal, Bipack, employing standard accessories; or 
16-mm. standard equipment. 

Negative Film Stock.—Eastman bi-pack, it is presumed, or 35-mm, 
separation negatives optically enlarged from 16-mm, Kodachrome 
‘originals, Two of the three-strip negatives of a beam-splitter Techni- 
color record fave also been employed.* 

Printing-—Duplitized Eastman Type 5509 is used. Toned one side to 
Prussian Blue. Other side dye-toned. The flotation method is said to be 
employed for surface application of the toning solutions, 


Harmonicolor. (Probably Obsolete.) 

A two-colour subtractive process based upon the work of M. Maurice 
Combes, a French chemist. Complete equipment existed in France for 
Processing fitm. 

¥ Vir, the bipack pair of Eastman thees-strip materia 
333 


COLOUR CINEMATOGRAPHY 


‘The first. showing of an Harmonicolor film was at the Curzon 
Cinema, London, March 23, 1936. The film was ‘* Talking Hands,” 
directed by Ivor Campbell and produced at the Walton-on-Thames 
‘Studios. 

Camera—Asfa bipack was used. Any camera suitably equipped 
with bipack gate and magazines ‘might be used. Normal two-olour 
filters, 

Printing. —The negatives were printed on double-coated positive by 
means of a Debrie double-coated positive contact printing machine 
(sce Fig. 185). The film was developed, fixed, and washed. It was then 
surface stained with mixtures of basic dyes. A mixture of rhodamine 
‘and auramine was used for the red-orange side of the film and a mixture 
of malachite green and any suitable violet or blue-violet for the blue- 
green side. The inventor claimed that the lighter densities would be 
toned yellowish, whereas the more dense silver areas would be orange or 
red. Similarly, on the other side of the film the lighter tones would 
be greenish and the deeper tones bluish or violet. Exactly the same 
dichroic phenomenon was discovered by A. Hamburger (sce p. 258). 
The next stage of the process also closely follows Hamburger’s Poly- 
chromide formule, since the film was then immersed in a mordanting 
bath consisting of chromic acid, potassium ferrocyanide, and sulphuric 
acid, after which the film was cleared in potassium metabisulphite and 
finally washed, 

‘The staining of the film prior to immersion in a chromicacid mordant- 
ing bath was not original, as this was first practised by Hamburger. 

‘Remarks.—The dye mixture proportions might be altered, depending 
upon the nature of the subject-matter. The whites were clean and the 
colour range adequate. The sound track was printed on the blue- 
‘green side and was blue in the finished film. 

Patents were applied for in most countries, but it is difficult 10 see 
‘wherein the process differed in any important respect from that patented 
in E.P. 203,358, 1922, by Hamburger. 


Harriscolor, (Probably Obsolete.) 

American two-colour subtractive process operated in 1930, This 
company purchased the Kelley Color Co. in 1928. 

Camera —Two alternative methods were used: (1) A beam-splitter 
camera of substantially similar design to the Technicolor camera, ie. 
‘the usual halfsilvered prism and two gates at 90° to each other. In 
descriptions of the prism it is stated that the silvering was in fine lines 
or cireles."* (2) An original but impracticable system is described in 
Which two Bell & Howell cameras were mounted on a single base at 
tight angles to eaca other. A reflector of some sort was placed in such 
4 position that light was reflected from the object at 90° to one of 
the cameras, while the light which passed through the reflector was 
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recarded by the camera directly behind the mirror. Possibly a prism 
block was employed. 

Printing—Normai single-coated positive emulsion was used. ‘The 
nogative recording the red-orange was printed through the base of the 
positive film, and this film was then developed, washed, und toned with 
an iton solution and again washed and dried fa the dark. Upon the 
residual emulsion which was on the surface a print was made from the 
blue-green negative record, This was developed in a solution which 
ddid not destroy the blue-toned image beneath; the film was then fixed 
and yaished, and finally the (op image was toned red-orange by a bath 
which did not affect the ferric image (presumably by uranium), The 
base aa lightly yellow, in wa atemps So gen spies of three-colour 
effect. 

Remarks—A. method similar to the above double-toning is that in 
which the first image is toned blue with a ferric toner and before fixing 
‘second image is printed in the remaining silver halide, During develop- 
ment the alkali present in the developer converts the blue image to a 
colourless salt. ‘The second image is then treated with a vanadium 
mordant bleach and dye-toned, When the film is passed through an 
acid solution the original ferric blue image is restored. 





Kelleycolor Process. 

‘The late William Van Doren Kelley was responsible for the" Prizma"* 
process... Negatives were exposed at a speed of 32 pictures per second in 
anormal camera equipped with a rotating filter carrying the usual two- 
colour tuking filters. Prints were made on double-coated film, the 
alternate frames being selected by a skipping contact printer. One side 
of the film was toned. blue-green by an iron solution, and the opposite 
side was toned red-orange with uranium. 
o(hteording to another description, the “Prizma'” process was ax 

8: 


‘The first image is oned blue-areen sith an iron voner and, before fixing, a seeond 
mage is prinied in the remaining silver halide, During developruent the alkali 
Present in the developer converts the blue image to a colourless sult. The second 
image is thea treated with a vanadium mordant bleach and dye-toned. When the 
fiin fs passed through an acid solution the original blue-green image is restored. 





The” Prizma "* patents were apparently taken over by Consolidated 
Film Industries and marketed under the trade name of “*Magna- 

color 
In E.P. 228,887, 1923, a process is claimed in which two images are 
formed in the same layer; one image is printed first, developed, and 
toned, the layer then being cleared in a bath containing ammonium 
bromide and potassium dichromate, and the second image then printed 
‘60 the unexposed silver salt, developed, and toned, As an example, the 
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first image is printed on the layer through the transparent support from 
red-orange record, developed for three minutes in amidol, and toned 
blue-green in a bath of vanadium oxalate, ferric ammoniim oxalate, 
oxalic acid, and. potassium ferrocyanide, The layer is then bleached 
With ammonium dichromate and bromide. After washing and drying, 
the second image is printed on the front of the layer from a blue-green 
record negative, developed for three minutes with amidol, fixed in hypo, 
toned red-orange in uranium nitrate, potassium oxalate, hydrochloric 
acid and ferrocyanide, and finally fixed. 

Kelley seems to have been the first to patent registering pins for 
Drinter, but the practice had been common for many years. He d: 
scribed the now universally adopted method of causing a full-fitting pin 
{0 pitss through one of the perforations of the two films on one side only 
80 that shrinkage was taken up on one side only of the full-itting pin, 
A second pin fitted the opposite perforation from top to bottom but 
not from side to side (E.P. 193,363), 

Kelley was i prolific patentee, A few of his patents are here given: 

EL, 129,658 
EP; 130.403. Printer for double-couted stock; and registratot nests, 
EP. 160,137 Dye-toning.. 





EP. 223,687 
FP. 333,931. Film double-coated on one side only, and means for pro- 
ducing tworcolour image in sane. 
EP 402,113. Alternate frames only of positive are dyed. ‘The film is 
Projected at twice normal sped. 
US. 1,133,730 
USE. Laso2 
SP. 1,250,004 
USP. 1250411. Doublecoated stock, 


USP. 178,161) ©, 
US. bara Dyestoning, 





USP. 1491309. Kelley and Dunning screen process. 
USP. 1,505,787 .- Imbibition printing and a grey key. 


Kodachrome. (The) Earlier Process.) 
(Eastman Kodak Company.) 

‘The name “* Kodachrome '* was originally used for a two-colour sub: 
tractive process worked out by J. G. Capataff of the Kodak Research 
Laboratories. ‘This process should not be confused, therefore, with the 
contemporary Kodachrome film. 

Camera —Beama-splitter, Both images were recorded on a single film. 

—The printing had to be carried out with positives. The first 
stage was, therefore, (o muke a set of intermediate master positives. 
These were made by contact printing from the original negative. A 
Projection printer embodying an elaborate prism mirror system 
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Fig. 187.—Cinecolor Optical Bench Copying Printer. 





Fic, 190.—Rehearsal the day before the Olympic Games opened, 194%. Seventy-five camerumed 

Worked under the producer Castision Knight on the him" XIVih Olympiad—The. Glon 

‘of Sport.” ‘The Newall bipack cameras are shown, mn for their work with 
“Technichrome, 


(iy courteny of ae J Arthir Ris: Organon Li) 
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enabled both sides of double-coated film to be simultaneously printed 
from the single master positive bearing the pairs of complementary 
images. 

The double-coated film now bearing negative images was developed 
and bleached; the bleach bath hardened the film only in the parts where 
the image had been printed. The two sides of the film were then dyed in 
the usual subtractive coniplementaries, the dye being absorbed by the 
gelatine only in the unbardened areas, thus providing positive dyo 





images. 
‘The Kodachrome bleach was: 
‘A Potassium ferricyanide -. =. «. 37'S gm. 
bromide =: 32 5625p 
4 5 
Acetit acid TOce: 
Water 1,000 5, 


1B, Potassium alum, 5'per cent. solution, ~ 
A and B were mixed in equal proportions. 
‘The films were fixed after bleaching. The drying was important and 
had to be as even as possible, Humidity of the film had also consider 
able bearing on the results; the drier the film the cleaner the highlights 
and the greater the contrast. 
J. G. Capstaff patented the making of positives of different gammas by 
varying the development time, See also Comstock (Technicolor) and 
Brewster (U:S.P. 1,469,811). 


PATENTS: 


EP. 13,429 (1915) 
USP. 1,196,080 


Magnacolor, 
(Consolidated Filey Industries, U.S.A) 

An American two-colour subtractive process still worked by: the 
Consolidated Film Industries division of Republic Pictures Corpora 
tion. ‘This concern was licensed by the owners of the** Prizma "' patents, 
which it will be remembered was the name under which the patents of 
‘William yan Doren Kelley were commercialized. Herbert J. Yates now 
operates ‘the ** Trucolor " process, which will presumably supplant 
Magnacolor. 

Camera—Normal bipack is used in « standard camera equipped 
‘with special gate and magazines according to usual bipack practice. 

Printing —Double-coxted positive film is used. One side of the film 
is toned blue by an iron solution, and the opposite side is toned red- 
‘orange by mordanting with an iodide and dye-toned by the familiar 
technique of flotation. Under the Mason patent each side is treated, 
‘without danger of the solutions toning more then one side at a time, 
by floating the film on the surface of the solutions. 
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‘Multicolor Process, & 


‘American two-colour subtractive process. Operating in 1931. 
‘Camera—Bipack (‘* Dupack "* was used) exposed in a Mitchell 
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Fra, 189.—Multicolor BP. 360,819. 























‘camera fitted with a special pressure plate with four rollers, A shim was 
placed in front of the ground glass to mike the plane of the ground glass 
coincide with the plane of the emulsions of the bipack (Fig. 188), A 
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Bell & Howell camera could also be used, the pins on the back pressure 
plate being increased to eleven in number to ensure contact, and 
(0:006 in. was remoyed from the aperture plate to make the emulsions 
‘come in the same plane as when using one film normally. A No. 86 
Wratten filter was used for daylight exposures, but this was omitted for 
tungsten lighting. 

Printing —The two negatives were both printed from simultancously 
in a contact printer of the type in which two light-sources on either side 
of a gite enable both sides of double-coated film to be printed at the 
same time. This type of printer was first used by A. Hamburger for the 
Poljetomide process, Debi hhaving constructed the printer (see above, 

‘ig. 185). 

“The fist operation isto apply u ferie toner to one side of the film. Neglecting 
‘washes, the film i then immersed in a solution which tones the image on the other 
Jide fed-onmge, leaving the blue image waafected. “This uranium toner serves als 
{isa mordait fora dye which next follows, and which adds brilliance to the red-orange 
image. ‘The film is then passed through hypo, washed, dried, and varnished. The 
‘sound trick is printed on the iron-toned sido and is therefore blue.* (Fig. 189.) 

MuLticoLon PATENTS 
Ep, 339,323, 1729 
EP. 339,971 
ER, MO238, 1929 
EP. 360,519, 1930 
EP. 376,514, 1931 
EP. 384.334, 1931 


Photocolor Process. (Probably Obsolete.) 
(Photovolor Corporation.) 

Amirican two-colour subtractive system. Operating in 1930, 

i Camera:—Beam-splitter taking two images. Prism system of beam- 
vision. 

Printing —Double-coated positive film was printed with an optical 
printer, both images being printed simultaneously on either side of the 
film. The print was then dyed by contact blue-green on one side and 
red-orange on the other. No further description has been divulged. 
Probably iron and uranium were employed, as in most of these two- 
colour American processes then worked. 

‘Note-—From the above vague description itis to be supposed that the 
procedure was substantially the same as in Polychromide, The writer 
has not been able to trace any patent for the eamera. 


Polychromide Process. (Obsolete:) 
This process was developed in England by sn American chemist, the 
late Aron Hamburger, whose name was originally brought into promi- 


Otis, Russell M,*" The Multicolor Process.” Jown, Soe, Mut. Py ie, 1, 
No. 1 1930, p 5. 
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ence by his portrait colour photography, for which he Had established 
# studio in London before the first world war. He had taken out certain 
Patents for still-colour cameras and toning processes (E.P. 28,722, 1912, 
A. E, Conradi and A. Hamburger; and E.P. 20,880, 1911), The former 
Patent describes means for applying distortion to a reflector by the applic 
cation of pressure on different points around the edges, in order to 
correct for the unequal distortion produced in the transmitted image 
when a plain reflector is used, The latter patent was for toning a print 
yellow by means of mercuric chloride and potassium iodide, of which 
formula Hamburger always claimed to be the originator, Later, in 1918, 
‘appears a patent (E.P, 136,595, 1918, A, Hamburger and W. E.L, Day) 
in which is described « beam-splitter camera for motion pictures with 
{wo gates at right angles to each other and a reflector similar to that 
described in Specification 28,722, 1912. In E.P. 203,358, 1922, is de- 

ibed the method of dye-toning which ultimately became known as the 
 Polychromide “process. He describes the method of exposing an 
orthocbromatic film sensitized with erythrosine and a panchromatic lm 
sensitized with pinacyanol, ‘These two films were exposed in the 
Hamburger beam-splitter camera. Positive prints are made from these 
on the opposite sides of double-couted positive film. A mixture of 
Magenta and auramine is then applied to the positive printed from the 
orthochromatic film, and a mixture of malachite green and helio 
safranin to the positive printed from the panchromatic film, The 
Positive film is then bleached in a solution containing chromic acid and 
Potassium ferrocyanide, afterwards cleared in potassium metabisulphite, 
‘and then washed and dried, Hamburger claimed that the positive from 
film 1 (the orthochromatic film) exhibited a gradation from ted to 
‘yellow, whereas the positive printed from film 2 (the panchromatic) had 
all tones from green to blue, the whole, therefore, giving the effect of a 
four-colour process! The bleached silver image furthermore provided 
Brey key. However, this effect was due probably far more to the fact that 
the clearing action of the metabisulphite is quicker for the magenta than 
for the yellow, which resulted in the lighter tones tending to become 
yellow-orange, while the deeper tones remained red (Figs, 184 and 185), 

With minor modifications the process was still being worked in 
London in 1933 exactly as above described, Negatives were generally 
obtained with Agin or Du Pont bipack, instead of using the beam- 
splitter camera, a Debrie bipack camera being employed, 

‘The most interesting contribution to the technique of dye-mordanting 
Processes made by Hamburger lay in the order of his procedure, He 
‘was probably the first to dye the film first and to bleach and mordant 
Gfterwards. This method seems to have resulted in a considerable gain 
in evenness, as mordanting processes are notoriously liable to yield 
continuously variable colour, than which there is no more disagreeable 
fault in colour films. 
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POLYCHROMIDE FORMULE 


Positive Developer. 
1 cep Se OLE 
‘Sodium Sulpbite (onbiya.) BE its 
Mise oe 1 
14) 
1,000 cc" 





‘Time: 7 minutes 





Bleach (or Discharge Bath). 
Pot. Metabisulpite - S$ percent, solution 
* ini 25 minutes 
DYE-TONING 
Red-Orange 
al iggene or ucts se Bam 
de ise, 
Mier 12°F) to 5 1 AO 
p(Aurumine 0 2pm. 
(ie cost ntaers. mee. 





For use take: 100 parts A 


10% Glycerine 





Blue-Green. 
Malachite Green a 
afi ‘Akcohol z 
Water ‘ 
Helio Sa Lies 
of il Safes Hliday))- A 
Waegieb), ame 
For use take: 





Pouycunosipe PATENTS 


EP. 123,786 EP. 203,354 
EP, 123787 EP. 237,941 
EP. 136,398 EP. 261,054 
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‘Sennett Color. (Obsolete.) 
(Sennett Laboratories) 


An American two-colour subtractive process operated in 1930. 

Camera.—Bipack in ¢ normal camera equipped with special gate and 
magazines. 

Printing —Double-coated film was used. One side was toned blue 
With an iron toner, and the other side was toned red-orange with 
uranium. (Processing probably similar to Multicolor.) 


‘Sirius Kleuren Film Maatschappij. (Obsolete.) 
(Uteecht, Holland.) 

A two-colour subtractive process. 

Camera —E.P. 316,141, 1929, described a beam-splitter having two 
‘ites at right angles to each other, the beam being diverted by a single 
‘transparent reflector between the lens and the film. The film was shown 
in the drawing as travelling across both gates, Such an arrangement 
would require a pull-down of two or more frames. 

Printing —E.P. 283,548, 1927, proposed the use of a single layer of 
‘Opaque screening in double-coated film. The opaque layer was to be 
pluced between the emulsion and the celluloid on one side of the film 
only, Such a layer was to be coloured with manganese peroxide or by a 
dyestulf soluble in the developing and fixing baths. 

E.P. 341,477 dealt with a machine for applying dye or liquid to 
‘opposite sides of a double-coated film. The machine was very similar 
to Hamburger's Polychromide dye-applying apparatus. 

The Sirius process was, as far as the writer is aware, a dye-mordanting 
‘process, but no details appear to have boon published. It has been stated 
that a prism beam-splitter was used in connection with the process. 

Remarks—Most of the Sirius patents were assignments from 
L. Horst, a German photographic inventor. 


Reference 
Licht Bild Buhne, 22 (Aug. 17, 1928), p. 14, 





Camera —Agfa bipack was exposed in a Vinten camera equipped with 
special bipack gate and magazine. 

Prat Doublesoaedpoive film was dyetoned Be geen on 
one orange on the other by a mo: 

details of which have not been published) nme Prose 
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Remarks. —The prints were clean, haying excellent definition und 
gradation, ‘There was also complete freedom from variation, a dis- 
agreeable fault. so often present in dye-mordanting processes. The 
printing was of equal technical excellence to the earlier Technicolor two- 
colour process. 


‘Technichrome 
(Teehnicotor Limited, London, England) 

Two-colour Technicolor process. 

Camera,—Normal, fitted for Bipack. Special magazine available in 
England by Newall to accommodate 400 fect of bipack. ‘The two strips 
come off spools on one side of the magazine and are fed into the 
camera Separately, Just above the gate, they come together, with @ 
special roller device to eliminate the air cushion between them so that 
g00d tegistration of the two frames is obtained in the gate, Focus is 
adjusted one five-thousandth of an inch further back than normal so 
that the image is focused on a plane corresponding to the middle of 
the two strips. Film stock used is presumably Eastman Bipack Types 
1234 or 1236, and 1235, 

Printing by Imbibition—As for “Technicolor three-colour, See 
‘Technicolor. 

Remarks—The reintroduction of two-colour printing by the 
Technicolor organization is historically remarkable, Such a retro- 
gressive step ciin only have been brought about by lack of un adequate 
supply of prism three-strip cameras in England, or by temporary 
economic circumstances. The prints are made on the standard *" 1.B." 
pin-belt machine and it is understood that instead of using a typical 
red-orange and blue-green printing in two stages, three matrices are 
prepared from the two negatives, thus the red-orange represents the 
result of two printings by the standard magenta and yellow dyes. This 
‘method would permit matrices to be made of varying contrast, For 
example, « soft gradation yellow and a high-contrast magenta would 
yield uw hue-shift towards orange-yellow and yellow in the highlights; 
thus making use of a dichroic effect, (See Polychromide.) This artifice 
noticeably extends the chromaticity range, The process was used on a 
large scale in the filming of the XIVth Olympiad, at Wembley, in 1948 
(Fig. 190), The release prints were palpably inferior to standard 
Technicolor in colour and definition. 


‘Trucolor 
(Operated by Conuoidated itn Industrie, « division of Republic Pictures Corpor 
tion, 1740 Broadway, New York City, N:V., USA} 
American two-colour (br three-colour) subtractive process. 
Caméra—Normal, N. C, Mitchell equipped with special pressure 
plate and bipack magazine. 
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Negative Film Stock.—Eastman Bipack. Type 1234 Ortho for day- 
light, Type 1236 for tungsten illumination at 3,200° to 3,400° K., 
‘combined in either case with Type 1235 Pan. 

Printing.—Special two-layer Eastman coating, the respective emulsion 
layers incorporating probably resin-protected, or in any case non 
diffusing, colour couplers. Neither of the two layers is specially 
sensitized, as has been the practice with monopack materials in the past, 
but are separated by a gelatine filter layer preventing * cross-printing.”* 
(EP. Application No, 34,262, Noy. 1946.) The under layer of « 
‘material of this type must necessarily be printed through the film 
support. The printer embodies two film printing gates each associated 
with its independent source of light, relay rack, control strip and stop- 
motion unit for the matte boxes.’ After leaving the first gate, the 
Tawstock takes a half twist and thence passes through the second gate 
Where an image is exposed on the opposite surface of the film (vi2., 
through the film support), ‘The light sources are tungsten filament 
lamps. The processing machine is a top drive unit with one sprocket 
Per shaft. Two developing tanks, a hypo tank and wash tank are 
located in the dark room section; while bleach, wash, hypo and final 
wash tanks—together with the track treatment Uunit—are in the white 
light. The whole process is completed in some 65 minutes. It is stated 
that Trucolor prints are on safety film base without any reason being. 
advanced for this. The base is presumably Eastman aceto-butyrate film, 
Both sides of the print are finally coated with Eastman protective 

quer. 

Remurks-—Consolidated Film fodustries Inc. operates the largest 
motion picture processing laboratory in the world at Fort Lee, New 
Jersey. This great plant is the creation of Herbert J, Yates, who also 
formed Republic Pictures Corporation, of which Consolidated Film 
Industries is now a division, Until recently the colour process sponsored 
by Mr. Yates was Magnacolor (see page 337) and for many years they 
encountered the worries which have ever haunted tonin, . 





colour couplers as a substitute for dupli-tized film and the former toning 
Process. The Eastman organization collaborated in the production 
‘of this type of positive film, in effect, a two-layer monopack.* 

Clearly this process is of great interest. It bears a close resemblance 
to Dufaychrome which, while a three-colour process, can be worked 
‘equally well as a two-colour process. It is in the predicted three-colour 
‘Trucolor that we might have some reservations until proof is forth- 
coming. And this is because any middle layer of a triple-coated stock 
can only yield # perfectly steady colour balance provided that the 

| Also a director of Republic Pictures Corporation, 
* The incorporated colour couplers are of the type used in Ektachrome, 
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coating of the upper layer of emulsion, through which necessarily 
it must be printed, is so perfectly coated that only negligible differences 
of coating weight are present throughout the whole roll of film. This 
is excessively hard to achieve. ‘The situation is similar to that which 
‘would exist if one tried to make a print through a neutral filter con 
tinuously varying in density. The effective density of the top emulsion 
coating could not be permitted to vary more than -02 in either direction. 
Such even coatings are excessively dilficult to achieve, as the makers of 
Kodachrome, Ansco Color and Agfucolor discovered. Time will show. 
There is nto reason why the cost of the two-colour two-layer film should 
bbe much in excess of * duplictized "film of the former type. The only 
extma costis that of the colour components, which in any case are being. 
made by Eastman in high volume. It will be interesting to watch the 
evolution of this process to the three-colour stage, This will involve 
the use of a prism beam-splitter or separation negatives derived from 
monopack, a procedure which hay many points against it, 

Republic has successfully made a number of feature films employing 
the Trucolor process for release prints, and large plans are announced 
for the near future,! 

















Ufucotor, (Obsolete.) 
German two-colour subtractive provess. 
Camera—Normal, Agfa bipack was used, 
Printing. —Double-coated film toned with fertic toner one side and 
probably uranium on the other, Dye-toning may have been included, 
" Three-colour. prints are now Ih production at Fort Lee, employing Du Pant 


release positive, Type 275 (see page 27). Negatives are of the successive frame, 
single strip type; the subject-matter being necessuriy statio—namely, cartoons: 
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‘SUMMARY OF TYPICAL SUBTRACTIVE Processes —Two-CoLouR 
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B. THREE-COLOUR SUBTRACTIVE PROCESSES 


Introduction. —Since with two subtractors the range is very restricted, 
historically it became essential to perfect three-colour processes, Many 
years passed before the problems of the three-colour subtractive process 
applied to motion picture film were solved. The Technicolor process of 
imbibition printing was well adapted to the requirements, since there 
was no inherent difficulty in adding a further printing stage to the per~ 
fected two-colour technique, Hence Technicolor was the first subtrac- 
tive process to achieve full three-colour, and having led the way theyhave 
held the lead ever since, The Technicolor camera was designed for 
making two-colour separation negatives; it was adapted (o three-colour 
by the expedient of using bipack in one of the two gates. It is not an 
ideal one-shot camera, but marvellous results have been achieved never- 
theless. ‘The late Dr. Troland of Technicolor thought that the ultimate 
method would take the form of « tripack oF, rather, monopack film, ans 
was an early patentee. Technicolor for many years foretold the advent 
‘of a’* monopack "* camera material. By 1942 a few pictures were being 
Photographed on Kodachrome 16-mm. reversal film, Enlarged separa- 
tions were made from these 16-mm, colour positives, and such negatives 
were used to make the imbibition matrices, Early pictures in which 

lotographed on monopack (Kodachrome) were 
** Dive Bomber "” and "* Captains of the Clouds.” 

In England the bleach-out Gasparcolor positive filin had a short but 
promising life before the war put « stop to its manufacture by Gevaert 
in Belgium, More may yet be heard of this beautiful process, since 
it is known that Dr, Bela Gaspar is very active in his laboratories in 
Hollywood. 

Before the recent war Kodachrome 16-mm, had achioved universal 
sticeess in’ the substandard motion picture field, and, with Agfacolor, 
1,G, Farben had begun to offer an excellent alternative, During the 
war 35-mm, Kodachrome reversal was employed by U.S, services, while 
the Germans during 1942 perfected negative-positive Agfucolor, with 
which a considerable number of films were mide. The Germans 
equipped laboratory in Prague for processing. As soon as the U.S. 
and the British forces occupied the great Agfa 1.G, Farben factory at 
Wolfen (near Berlin) they extracted all the relevant technical data, and 
this was subsequently transmitted to the allied photographic manu- 
facturers. Jt is certain that within a short time a substantially identical 
‘monopaick film will be made by several firms. Indeed, the Agia type of 
monopack may become a stsndard product of all photographic manu- 
facturers. Gevaert have already made lirge quantities of this type of 
film (viz., Gevacolor) 

In the U.S. during the wat, Ansco Inc., a branch of General Aniline 
and Film Corporation (originally controlled by 1. G. Farben), intro- 
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duced Ansco Color Film, a reversal material based on the pre-war Agfa- 
color manufacturing formule, “This was made ayailable in 16-mm, and 
35-mm, cartridges. After the U.S. entéred the war the Government 
seized the great factory at Binghamton and considerable quantities of 
35-mm. reversal colour film were produced for service purposes, At the 
same time experimental work was begun with the object of perfecting 
negative-positive 35-mm, film,’ This material has not yet been released. 
for use in the motion picture industry, but its debut is unlikely to be Tong 
delayed. ‘The data seized in Germany will no doubt enable improved 
colour couplers to be embodied, and it should then be equal in perfor- 
mance to the latest German product, In 1946 three 35-mm. motion 
picture reversal stocks were released for professional use. Much will 
‘depend upon what is accomplished with these materials. 

Ektachrome, Dufaychrome, Kodachrome, Ansco Color, and Agfa- 
color are all derived from the original. conception of Fischer and 
Sicgrest (E.P. 15,055)/1912; U,S.P. 1,055,155), the fundamental 
difference between these processes and Kodachrome being that in the 
former the dye couplers are in the monopack and in the latter they 
tare in the developer solutions. It is to be noted that Mannes and 
Godowsky also proposed the former process (in U.S.P. 1,954,452) 
sand that their idea was preconceived twenty-five years eattier, even the 
coupler compounds being practically identical. It remained for the 
Eastman Kodak research workers to bring the original concept into 
actual being. Mannes and Godowsky were Fischer revivalists. We 
‘ought to attend the lesson they have taught us. How many more 
discarded discoveries may be lying in u literary coma for a quarter of 
@ century awaiting only the magic wand of the research director to 
call them into glorious life! Undoubtedly, the outstanding problem 
in @ monopack which embodies the couplers is to prevent them from 
diffusing or wandering to adjacent layers. It is in the means to achieve 
this substintivity that efforts have been in the main directed, and 
success was obtained by the 1G. chemists by adding to the coupler 
extremely complex hydrocarbon residues such as an 18-corbon chain 
stearyl, thus providing a very large molecule which can move only very 
slightly, if at all, in the gelatine Tactice. 

Judkins and Varden of Ansco have listed the following as desirable 
characteristics of colour formers: This list gives some idea of the 
fremendous tusk which ficed the organic chemists who brought this 
Process to a workable stage: 

“1, ‘The colour formers (couplers) must not diffuse from one emulsion 

layer to another. 

2. The compounds must be water or alkaline soluble prior to their 
introduction in the light-sensitive emulsions, but non-diffssing 
from the gelatine layer in water or alkaline solution thereafter. 


+ A masked negative rollflm: sold under the name "* Plenacolor,” ix now of the 
American market. 
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3. The dyes which the colour formers eventually produce must have 
the proper absorption characteristics for subtractive synthesis, 

4. Each of the colour formers must be capable of forming an 
appropriate dye by conjugation with the oxidation products of 
1a single colour developing agent. 

5. The colour formers must be transparent, colourless, and in- 
capable of causing tight scatter within the emulsion layers, 

6. The compounds must be stable before and after film development, 

7. The dyes formed during film development must have siisfactory 
dark stability and a white light stability comparable to other 
dyes commercially acceptable. 

8. The colour formers must exert no desensitizing or sensitizing 
action on the silver halide emulsions in which they are incor- 
porated. 

9. Each colour former must react readily with the oxidation products 
of @ suitably chosen developing agent to give comparable 
Aye Yields, but must not react with the oxidation products 

the negative developer in the revertal process, 

10, The colour formers must be commercially producible in large 
quantities on a commercial basis."* 
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Agfacolor 
(Manufhctured at Wolfen, Germany. by 1 





3. Farbenindustrie Akt. Ges. The fictory 
is now in the Russian Zone of cecupation,) 

Classification—Three-colour subtractive process. Integral tripack, 
OF monopack, with non-diffusing colour couplers incorporated in three 
emulsion layers. 

‘Camera.—Normal, 

Projection —Normil. 

Printing —Normal, with suitable grading for colour. 

Processing —Cotour development: with colour coupling compounds, 
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AGFACOLOR OniGiNs 
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‘Types oF AGFACOLOR FiLst 





Width. Type. Meter Rating. | Mlumination, 





| Weston, GE. | 
Témm.| Reversible, Daylight Type. | 810° 12 | Sunlight, 6,000" K, 
Acetite Base 


16mm, | Kees Tungsten Type | 1216 | Tusen, 3,200 K, 
6s. | Duplicating. Revernible ad oth 








wut, Dre. | Mee vine, | Popo, 





Ween GE. | 
‘Sm, | Negative, ‘Type B. Dustight | 8 12” ) Camera Record 
‘Type. Nitrate Base | 
38mm, | Negative, ‘Type G, Tungsten | 12 16 | yw 
tape, Nee ae 
3S mim. | Rosle, Release, Acetute Bose | — — — | Release Printing 


General Description —The origins of this, process stem from the 
iscoveries of B. Homolka (1907) and Rudolf Fischer (1911).. The former 
discovered that certain intermediates, such as those that gave indigoid 
dyes, ean develop exposed silver bromide producing simultaneously an 
insoluble dye, Such agents are indoxyl, 3-hydroxy-thio-naphthene, etc, 
This has been called PRIMARY COLOUR DEVELOPMENT. 

‘There is another way, namely that of using the development process 
indirectly to form dyes. Fischer discovered that dyes, such as those 
belonging to the quininimine and azomethine class, can be formed 
‘when exposed silver bromide is developed with p-phenylene diamine 
together with coupling substances. During development p-phenylene, 
Or its derivatives, reacts with phenols or naphthols or substances con~ 
taining 4 reactive methylene group through the medium of oxidized 
silver bromide, to form strongly coloured insoluble dyestuils, the 
developed silver image being at the same time produced. Fischer thus 
conceived the ides of mixing a developing agent, such as an aromatic 
diamine, or amino phenol and coupler which could be phenol or a 
body containing negative methylene group. This has been called 
SECONDARY COLOUR DEVELOPMENT. 
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The next step was to incorporate the coupler in the silver halide 
layer or layers instead of adding it to the developer, but owing to the 
apparent impossibility at that time of making the dye-forming sub- 
stances non-diffusing, Fischer, in 1911, had to abandon his project for 
making a multilayer colour film by applying these discoveries, The 
physical structure of a gel is such that the conditions for molectilar 
diffusion are ideal. Hence our ability, amongst other things, to develop 
gelatine emulsion. As gelatine can only trap coarse-grained particles 
insoluble in water, the dyes produced by colour development must be 
insoluble in water and large in structure, Next, the substances to be 
incorporated must not adversely affect the sensitivity of the silver halide 
emulsion. It does not seem strange that Fischer's idea was considered 
impracticable by emulsion experts, 

The next important name is that of Dr, William Schneider of the 
Agfa organization (1.G.). He tells us that in 1934 instructions were 
issued that a colour process must forthwith be perfected. In 1936 
Schneider and G, Wilmanns reported (Agfo-Veroeffentlichungen, 
Vol. V, p. 29) that a satisfactory solution of the problem had been 
completed. 

Colour couplers similar to those discovered by Fischer were used 
but these were made fast to diffusion by attaching a long-chain alkyl 
group, since diffusion depends upon the physical dimensions of the 
particles determined by molecular weight and constitution. In general, 
& chain-like structure containing twelve carbon atoms is usually 
adequate. By virtue of these couplers containing a group soluble in 
‘alkali, it was Feasible to incorporate them in the gelatine eraulsion in an 
alkaline solutior 

The developing ‘agent in the Agfucolor process used to-day, is: 


N-diethyl-p-phenylenediamine sulphate. 
‘An enormous range of colour couplers is now known. As examples 
we give three typical: 
With the above developing agent: 
The coupler I-phenyt3-methyl-S-pyrazolone gives « maven dye. 


at acetonceialde pver a pelo 
yf) TSgdrony 2nephiote acid een yun dye, 








In 1936 Agfacolor Reversal film was made available in 8 mm. and 
16 mm,, the processing being carried out solely by the manufaciurer. 
‘These films were of both daylight and tungsten types, the speed being 
roughly the same as that of Kodachrome, 

Immediately following the occupation of Germany, tnyestigution 
by the Anglo-American Service experts of the Agfa film factory at 
Wolfen, Germany, revealed thut the Germans had developed to a 
commercial stage the long-promised 35-min, negative-positive Agfa- 
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colorfilm.’ Its said that UPA were ordered by Goebbels to proceed 
with the production of feature-length pictures employing the Agfacolor 
negative-positive process, but they did not consider the method suffi- 
ciently perfected for feature productions and proceeded only because 
of the government directive. 

One feature picture, **Die Frau meiner Tritume,"" was brought to 
the U.S, and viewed by various producers, members of the Society 
of Motion Picture Engineers, manufacturers, and other groups con- 
cerned in colour film development, and was considered of sulficiently 
‘good quality to warrant a thorough investigation of the process in all its 
aspects. The picture“ Baron Munchausen "* was in the opinion of the 
experts * of good quality as far us grain, sharpness and tone were con 
cermed, and the colour generally pleasing, None of the colours were 
puirticularly saturated, the reds being quite dull, It was not as good as 
‘Technicolor."* 

At does not appear that any new developing machines or printers were 
constructed for the processing of the film, but modifications were made 
in existing equipment. Between 1940 and 1945 thirteen feature pictures 
Were made (sce list below) and some fifty shorts consisting of one or tWo 
reels, The material is particularly suitable for newsreel production, arid a 
picture was made of actual combat in Russia, Lt-Colonel R. H, Ranger 
(US. Signal Corps) and his associates considered that *? the screen 
quality was inferior to the established American standard (presumably 
Technicolor); the results varied, but certain prints of one oF two of the 
pictures were quite satisfactory in colour quality, and particulirly 
Impressive because of the sharpness of the screened picture. The latter 
Was quite noticeable on medium-long and long shots. ‘The method is 
capable of good results if proper control and equipment were used, but 
‘under the wartime conditions in Germany there was an apparent lack of 
good equipment and a generaly laxity in quality control, resulting in 
many inferior prints being released.’ 

Darrel Catling, A.R.P.S,, one of the more intelligent of the younger 
British directors, had the following reaction (o his first sight of Agfa 
color: “'In‘Immense" there was—with the exception of only one reel— 
4 pretty fair balance maintained between one reel and another, though a 
istiness was noticeable throughout most of the film, In*Mlnchausen,’ 
although the balance between reels was much less wood, it nevertheless 
‘mattered little; it was a phantasy on the one hand, and on the- other the 
art direction, costume design, and colour planning were so brilliant, 
tasteful, and imaginative that deficiencies in the colour system, were 











‘Squadron Leader G. C. Brock, who visited the Agfa film factory in June 1946, 
‘stated in the report (C.LOS, Trip No. 313) that" Agfaoolor would seem to offer 
Atleast the pomblity ofa less grainy image than Kodacolor ant | was exrtalnly 
Timpresied, in the sorened matures which I si, with the high resolving power 
compared to Technicolor"* 
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AGPACOLOR FEATURE ReLeasts FROM 1940 To. 1945 














Picture. | Diver. {cameraman Sat, 
1." Feauen sind doch bessere Jacobi | Techet | UFA-tiabelaberg 
wpe pslen Sade™ ., | Haran Mondi | Prague Films and 
cil ‘GrAcRabelbers 


Bung Manca | von Baby | Keen | UrAihetery 
‘Bad su det Tes Colfander| von Baray | Tabi Johan 
Ontermnog ne | Femucaander|pomeoy| Tac panh 






Kilner | xen | aie tai and 

UPA-Babelsberg 

Hisden | Monai_| UPASSURCSBE 
ieFeatoerfeaune” | fucose | endl | UPA-Dabet 
Federmaia’ | vor Bolary_ | Witte Wilh Pi 





igang, oder Ein solr | Vebenene? | Hoftaan | 

ya, 

12." Wir beide liebten Kath- | Rabenalt ‘Krien aire Files and 
tia 


an Babelsbers 
‘Dat Keoe Hotkonsent” | Verhooven | Wagener -Toseeneestaty 





forgiven or forgotten, Moreover, « complete change of locale— 
coinciding with the change of the reels—often helped to cover up the 
lack of balance, Some thought, too, was given to the colour planning to 
avoid, ax much as possible, revealing the system's weaknesses—though 
the revelation of one of its (at present) greatest faults was practically 
unavoidable: the inability to render a firm black. A fade is a wishy- 
‘wushy * grey-out” or* brown-out '—so bad, in fact, that itis held only 
for the shortest time. Incidentally, some of the trick work was of a very 
high order, The short * East Prussia on the Sea * was very uneven’ 
much of it being little different from sepia-tinted monochrome, and 
pretty dense at that. But despite the eulogies which Agficolor at its 
best brings forth, it appears, however, to have one limitation which many 
of its supporters overlook: in the case of the final Technicolor print 
thore is merely one positive emulsion and three intermingled dye images 
on the celluloid base, whereas in the final Agfacolor print we have three 
‘negative emulsions (which have to be carefully balanced as to speed, 
colour, and thickness) with filter andjor isolating layers in between. 
Therefore, for the moment at Jeast, it seems apparent that the Agfacolor 
system is unable to yield cheap prints for commercial release purposes: 
the cost cannot fail to be very much higher than that of a print consisting 
‘of one ordinary emulsion and three different dyes."" 

Post-war efforts have been confined to the Russians, who fave madle a 
number of news films of events such as Dr. Bones” triumphal return 
(followed 80 soon by tragedy) to Prague, and of a huge sports parade 
in Moscow, Both these films were publicly exhibited in the British 
358 





SUATRACTIVE PROCESSES 


theatres, and the writer heard inaumerable people express very strongly 
theit view that the colour was to be preferred to that of Technicolor. 
The expert saw that there was anomalous colour rendering due to the 
very defective magenta coupler, but here and there shots turned up 
of quite exquisitely satisfying colour, and it is perfectly certain that 
the Germans were at the beginning of a most important development. 
The men who were responsible for the achievement have since been 
interrogated, the opinion unanimously expressed being that they were 
forced into production before they had completed their task, and that 
great improvements would shortly have been made in the saturation of 
the couplers and particularly in the design of the coating machinery. 

Figures are given in the FIAT Final Report No, 721 which do not 
‘support Catling’s views about the high cost of Agfacolor. In the follow. 
ing table, cost figures per foot of 35-mm. Agfacolor negative and 
positive film are compared with those for black-and-white film. Dollar 
values are computed at $0-235 to 1 mark, which was assumed to be the 
average before the war, 





‘Manafacturing Cost 
Selling Price. 
Processing =| 





Production cost of the feature film * Die grosse Freiheit "(8,000 to 
9,000 ft). was 3,500,000 marks, or, say, £205,000. 

Late in 1944 and early in 1945, monthly production of Agfacolor film 
at the Agfa film factory at Wolfen amounted to an average of: 


650,000 ciné Mh. of négative, 
3,300,000 cing ft. of positive. 


It is claimed that under the Russians this has been boosted to more 
than 15,000,000 ft. per month, but this output is very likely to fall, 
because itis likely that the Russians will not be able to obtain adequate 
Supplies of colour couplers und sensitizers which formerly came from. 
the present British area of occupation, and it will be a long time before 
production of the essential intermediates can be resumed. 

‘Towards the end of the war the UFA processing laboratories at New 
Bubelsberg handled: 
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200,000 ciné ft. of Apficolor negative per month: 
1,000,000 cine ft. of Agficolor positive per month, 


The processing rate in 1946at the UFA laboratories at Koperick (in 
Russian-occupied Berlin) was said to be: 


130,000 ciné ft. of Agfacolor negative per month, 
650,000 ciné ft. of Agfacolor positive per month, 





Release prints were always made from the original negative and no 
duplicate negatives were made, Special effects were made by indirect 
and trick methods which were not yery satisfactory. No masking was 
used. 
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Fic, (91, —Aghicolor negative-positive film emulsion diagram, 


Structure 


All Agfucolor films have three emulsion layers and one filter layer 
(Fig. 191), ‘The film base is first coated with « red sensitive emulsion. 
Direeily on top of this is coated a green sensitive emulsion, Next comes 
a thin layer of colloidal silver which functions as a yellow filter. The 
final coating is an emulsion sensitive to blue only. 

‘The yellow filter, needless to say, has the duty of absorbing blue light 
Transmitted by the top layer, which would otherwise record in the green 
and red recording layers which are inherently blue sensitive (Fig. 192), 

No non-stress surfuce gelatine coating is used and no gelatine coating 
divides the green and red recording emulsion. The colour couplers 
Wispersed in these emulsions are chosen such that: 

Yellow fn the Buu a 
Yellow formed in the Ba recording Iyer. Top. 


lagen 4; 5, Grn 
Cyan Ri Yh Bottom, 


‘The anti-halation coating is on the back of the film base in the 
hegative-positive films and beneath the bottom layer of emulsion in the 
reversal film (see Table 57), 
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Layer Thickness 


‘The total thickness of the multiple layers does not exceed that of 
normal film, therefore the separate coatings are required to be extremely 
thin, 
Red reconling layer. 6 mictons (Rottomn) 
Yellow iterlayer 7) micron 
Green recording layer 6 microns (Middle) 
Blue recording yer | microns (Top) 





108 0 708 TeOmy 
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Fi, 192—Absorption curee of untihatation layer of Agficolor positive film. 
Film Base 
Nitrate base is used for negative, ‘Thickness 130-140 microns 


(5/1000"), 
Acetate base is used for positive. Thickness 130-140 microns, 


Spectral Sensitivity 

Negative: Overlapping curves, 

Red reconding layer, maximum 650 mp, 
Greeny S80, 
‘Blue, » Rormal respotse, 

‘This type of sensitizing is typical of most monopacks, such as Koda- 
chrome, Kodacolor, Ektachrome, and Ansco Color film. The ideal 
sensitivities can be mathematically calculated relative to either practical 
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or theoretical synthesis, by additive or subtractive methods, but the 
‘est compromise has to be effecied with the materials available (Fig: 193). 
Positive: Narrow band sensitizing, sharp cut in the green and red 


regions (Fig. 194). 
‘Red recording ayer, 
Green 
ort a 
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193.—Sensitivity of Agfacotor negative film sebiematically. 
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Fia. 194, Sensitivity of Agficotor positive film schematically. 


Since it is desirable that the positive material should record in each 
of its respective layers light modulated by only one layer of the nega 
tive, the sensitizing should be designed to correspond to the maximum 
absorption and minimum overlap of the spectral transmission of the 
negative dyes (Fig. 195). The relation between negative colours and 


Positive sensitizings ean in fact be 


such as to overlook any relation 
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whatever to what we might expect to be the normal appearance of 
colours in the negative, By this is meant that the negative colours need 
not be complementary to the colour of the light recorded. (See below.) 
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Fig, 195A. Satistctor 
SA.—Newtive Emilion Dyes showing iy Results for Colour 


‘The negative cyan coupler in the present product has remarkable 
absorption in the deep red and, by placing the red sensitivity of the 
Positive far into the red we are assured of the cyan layer of the negative 
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being efficient to modulate this layer only (Fig. 195A). Thus the 
relation between negative and positive ean be expressed as follows: 


Negative, 
Fixed Factor... Spectral Sensitivity 
Variable Factor |. Absorption Curves of Colour Components 
Positive. 
Fixed Factor Absorption Curves of Colour Components 
Variable Factor |. Spectral Sensitivity, 


ansnry 
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etl a ea 


Fi, 196 —Ponitive Film with widely Separated Sensitization Curves. 


ssowrnon 


whe lo ote ATs 
{a= — 
Fic, 197,—1 Curves of Negative Filr responding to the Positive 
oe Absesretusaton Curves shown in Fg 1. 


‘Schneider and others have suggested that there is no reason theoreti- 
cally why @ positive material should not be sensitized, say, in the 
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infra-red, green, and ultra-violet regions, respectively, in order to 
obtain a more complete colour separation (Fig. 196).. In this case the 
absorption maxime of the three dyes present in the layers of the 
negative would also have to be in the infra-red, green and ultra-violet 
(Fig. 197). A dye that absorbs only in the infra-red or in the ultra 
violet would be colourless to the dye. Such negative material would be 
magenta only, Nevertheless, the positive material would “* see" a 
{grey scale in the negative as‘ neutral.”” 





Processing 
The development of Agfacolor negative or positive film requires 
only minor modifications of the standard machines. We have to 














Fro, 198. 


provide for a bleaching bath and for washing for a more prolonged 
period than usual. It is recommended that washing should be entirely 
‘carried out by fine jets, or better still by the use of a Mat jet issuing from 
fn inclined flattened nozzle, 

‘The developer must be maintained at 18° C., a tolerance of half a 
degree in either direction being permissible. Schneider states that the 
solution "is first driven through « device where it is cooled. slightly 
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‘below the working temperature, water from the mains being used for 
cooling, Afterwards the solution is again brought to the prescribed 
‘working temperature, this being done by means of electric heaters and a 
thermostatic regulator, The simplest layout consists in inserting this 
apparatus in the developer circuit, otherwise the developer must be 
strongly agitated to ensure uniform development."” 

Plastic muterials have been found satisfactory for pumps, and in 
general, plastics have stood up welt for piping and tanks. 





Fic. 199A —Agfacolor Processing. Alternative curtain nozzle for washing. 


Precautions must be taken to prevent the formation of foam in 
circulated solutions to avoid rapid ageing of baths by oxidation. 
Subsequent to development the washing must be very thorough 
‘otherwise a general blue fog will be formed in the bleaching bath if the 
washing is inadequate. It is absolutely essential that hypo should be 
completely removed in the final wash. Tanks and tubes have been 
entirely abandoned for washing at any stage. Figs, 198 and 199 show 
the type of spray wash recommended. 
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The bath sequences of negative and positive are respectively: 








Negative, Poste (ye sound rack). Positive (ler track, 

1, Golout development. 1, Colour development. 1. Colour dovlonment 

& Spey ak z Sopa Sot 

: Spey : 

as 2 Blenhing 4 Wea 

5 3 Say wa, 3 Bleach stimitator, 

é am & Spray wast 

7: Spray wash 4 Find Bleach (viscous 

9: Fauna 
10, Final ash: 


‘Subsequent to the first spray wash, or in any case after the bleaching 
bath the remainder of the processing can be carried out in ordinary 
illumination, 

‘The explanation of the inclusion of a stop bath in the positive 
Sequences is that there is some advantage to be gained from the fact that 
the developer remaining in the layers continues to be active during the 
washing, but whereas the developer is soon exhausted in the fully 
exposed arcas the shadows still retain a sufficient supply of fresh 
developer which continues to produce silver and dye images. The result- 
ing slight fog is of no consequence in the case of the negative film. 
Ua the positive film the highlights must be free from fog, and so the 
action of the colour developer must be interrupted immediately after 
development. For this purpose acid salt solutions are suitable, for in 
spite of the permanent addition of alkaline colour developing solution 
they retain their hydrogen ion concentration at a pH value of 4 to 
5, for some time. At the same time, by virtue of the formation of 
‘easily dissolved salts the developing agent is washed off more quickly. 

It should be noted that when a silver sound track is desired it is 
necessary to use in additional and preliminary weak bleach to eliminate 
the colloidal silver yellow filter layer before applying the final viscous 
bleach on the picture urea (see below). This can be done with « weak 
bleach which is not strong enough to affect any of the silver in the 
sound track image, 

Furthermore it is desirable to include « brief immersion in a five pet 
cent, solution of sodium sulphite immediately after the final bleach, to 
Inhibit its action before it has u chance to flow over on to the sound 
truck during the spray wash which succeeds the bleaching bath, 


‘Viscous Bleach 


‘The bleach bath is a preparatory stagein the removal of the developed 
metallic silver entirely from the dye image. Having formed a silver 
salt, such as silver ferrocyunide, it is easily eliminated by the solvent 
action of hyposulphite, Simultuncously the unexposed ‘silver hilide is 
eliminated, 
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“The conventional photocells in use in most projector sound repro 
ducing systems are of the type using # sensitive costing of caesium 
silver—oxygen, which is mainly sensitive to red and infra-red radiation. 
The dyes used in colour development processes transmit radiation in thi 
region, with the result that a dye track is unsatisfactory when used in 
conjunction with a large proportion of the phototubes used today. 
While new photocells have been recently developed having high sensi- 
tivity in the green-blue and blue regions of the spectrum, and with these 
dye tracks ate capable of reproduction equalling in quality that of silver 
tacks, it is nevertheless desirable for the time being to continue to 
employ the silver image sound track. The German solution of this 
problem was ingenious, Obviously the silver track must not be bleached 
if it is to be retained, The bleaching agent, potassium ferrocyanide, 
is therefore mixed with « suitably viscous agent and coated only 
on the picture area of the film. ‘The bleaching solution (see formula 
below) is applied to the film from beneath, using a nozzle, This nozzle 
{s supported in such a manner that any join, or film clips, will not 
Jam. The discharge orifice is «litle narrower than the picture area and 
ihe width of the coating is limited by two movable edges, “* pressed 
‘against the side edges of the picture area, small lead weights being used 
for this purpose." By this device accurate separation between picture 
and sound track has been consistently retained, There is the obvious 
advantage of using film travel in the vertical direction for the bleaching 
stage, and thus saving laboratory floor space. ‘The yellow colloidal 
silver layer is destroyed in the bleaching bath and it follows therefore 
that it will remain in the sound track. Its presence has been found to be 
of no consequence provided that the present red sensitive photocells 
are employed, Should the sound track, however, be intended for use 
with the new cesium-antimony blue sensitive photocells itis necessary 
to destroy the colloidal silver yellow layer by the use of a weak bleach 
ing agent which has no effect upon the silver of the sound track imwge, 
‘Subsequently the final viscous bleiich may be employed to remove the 
silver in the picture area ws we have described, 

















Control of Developer Potential 

Very rigid control was instituted in the Continental laboratories 
which processed Agfacolor negative-positive motion picture film. At 
the Atif Inboratory in Berlin the developer from the time of preparation 
‘was analysed and corrected if necessary. After 24 hours rest new 
‘analysis indicated whether there was cause for further correction. The 
bath was analysed twice a day. 

The analytical method of control has been’ described thus by 
Schneider: ** The content of colour developing agent is determined by 
colorimetric methods, the agent, together with I-naphthol-4-sulphonic 
‘acid being oxidized to a blue dye by ammoniacal copper sulphate 
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Solution. The potassium carbonate is titrated with n/I hydrochloric acid 
using methyl orange as an indicator. The sodium sulphite content is 
determined by titration with n/10 iodine solution with soluble starch as 
an indicator. The potassium bromide is titrated with n/10 silver nitrate 
and n/10 ammonium thiocyanate, ferric-ammonium sulphate serving as 
an indicator, The hydroxylamine content is measured volumetrically 
‘by oxidation with potassium ferrocyanide.”” 


PROCESSING FORMULE: 
All baths strictly at 18° C.£4° 
Negative Developer or Positive Developer 








Solution A. 
Disodium salt of ethylene diamine tetraacetate (M23) 
Hee ner cages eae 19 
iydroxylamie aes ines = 
Nedicthy| pphenylecediamine sulpiate nigh 
Water : : ee 
Solution B. 
See ne a ee 100 grams 
Potassium carbonate (anhydl) 7g 
Poussium 20 
Water : So 750 waite 
For use take equal parts A snd B. 
Regenerator Negative or Positive Developer 
For Solution &. 
Fe wes 100 grams 
Hodeatlaming HOD a 
‘Pohenylenediamine sulphate *~ 3 
WAREAL? Se ar eg ee 30 litres 
For Solution B. 
ten sta 100 grams 
Potanisim carbonate ankyd} —* 7 es 
Sodium spite (ankyd) > S 3) wie 
‘Add 15 €«. per cine 
Bleaching Bath. Negative Film only 
Botassium phosphate (primrs) $84 grams 
‘Sodium phosphate (secondary) cs 
Potassium fercyanige 1 ( 
Warrier as tae Ms 10 its 
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Bleaching Bath. For Positive Colloidal Silver Yellow Filter Layer 





Potassium phosphate (primary) $81 grams 
Sodium phosphate (secondary) eS ay 
Potassium fe : Fae Fee oct 
Mee aN ee Ke sklagen  ae Mae 


Bleaching Bath (Viscous). For Positive Film only 


 Goloroll (oxymethyl cellulose). 60 grams 
Boss ferricyanide. i 





‘The visconis bleach is applied to the picture area only and is used When & 
silver yound track is desired. In order to prevent the bleaching agent from 









isk the ver pret i he upd tk ovine oor a 
the sut » the film should next enter a 5% bath of sodium 
‘sulphite. methods have also been employed to remove 
tie bare a 
Fixing Bath 
Sodium es gene “ 
Waterss : : 
‘Stop Hath (Positive only) 

iors marmite ieee 


Bath Consumption (per 1,000 metres of 35-mm. processed) 





at Reenerstor 15 litres 
Stop Hal oe Get ic 
Blech ing Baik fr veqatis fim 67 a 
Blesching Bah for yellow Mier in Bose my <-.B 
Fixing Bath wf 
Viscous Bleach = E 13 


Chemicals required per 1,000 metres 
edie rpenplenediamise suphate -—-- 
Hideo Ylamine HCl. ti ¥ 
est 

Rela 
Boas ele oi (Bins) 


Pecan heey 
‘Sodium thiosulphate 
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DEVELOPMENT TIMETABLE, AGFACOLOR NEGATIVE AND 






































Posrrive 
; ae 
a2 Negative, with dye track, | with silver track. 
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Total | Towat eae 
= = 
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|| cis | | | Ee 
i) el leaahaanis 
Hed. ent 
Baleaiee ies 
& ela 
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bare 2 | | eaierale cals 
= | esses es 
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PROCESSING FORMULA 























Fit Reels oer a | sm 
‘Developer | Sodium Sulphite (anhyd.) De ye 
Soumee teenie Le 
Tempersixe | Sodurehenctephospiate” |. | OS 
wer | we ‘Seige Pie 
‘Neopan Bath ‘Nekal BX (1G. Farben Wetting Agent)* SS) gms. 
Youn eens 3s | si 
Catoar Tdi ppbenylenediaminesulhas Tee 
Donte: | tyeetinhe nee es i: 
ee ae 7s 
Sedge tuptats 2 3 
ee ee a 
‘Di-sodium salt of ethylene diamine tetra ace- 
‘Temperature tate (M23). ’ ea 2 
Tens | wae : ae 
Teaching | Pomme phomptate nan) KA FO,.. | _& 
ah Sodium plespbuc (Sconday) Na HPO, | 4 
Tecan | Rasen Fantom eT | OR 
Is Cie my tS = 
Fixing Bath | Sodium Thiosuiphate .- 200 gms. 
Re i ti 1 fire 











*Nekal RX Allylnaphibalenesulphonic acid (sodium sit): 
(Weng Agent 1075.) 
Printing 


‘Normal contact or optical printers may be employed; all existing 
apparatus is therefore usable, but minor modifications must be incor 
porated in order to make provision for colour grading. In all colour 
Drocesses in which the print is made in one operation from a coloured 
negative there must inevitably be two factors to control: 

1. Density. 

2. Colour balance- 

The first factor is controlled by the intensity of the printing light 9s in 
printing black-and-white. 

__ The second fictor is controlled by varying the distribution of energy 
in the spectrum of the printing illuminant, 

It is the second factor which necessitates the introduction of additions 
{0 existing apparatus, since the most convenient means of modifying the 
spectral character of the light is by the automatic introduction of minus 
red, minus green and minus blue filters into the illumination system. 
The introduction of a minus filter may obviously reduce the total encrey 
of the printing light and therefore have an effect upon the general 
ensity of the print. Hence in printing colour films such as Dufaycotor 
or Agfacolor the two factors are interrelated. 
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In generat it is impracticable to control the light energy by the intro- 
duction of a resistance in the lamp citeuit since this alters the tempers- 
ture of the filament with important effects upon the distribution of 
energy radiated. The effect of this will be tantamount to the introduc. 
fon of a colour filter and the results will be too complex to predict with 
accuracy. It is essential accordingly to keep the voltage over the lamp 
‘ixed within severe limits and to use filters only for altering the volume 
of light in different regions of the spectrum, 

The minus filters should haye absorption curves closely similar if not 
‘identical to the dyes used in the layers of the positive film, thus there can 
be established a simple relation between the dyes used in the negative 
film and those of the filters, é2., the colour density of the filter can be 
added to the colour-densities of the negative, or the density of the 
Tequired filter can be determined from colour density which the negative 
may lack, 

The filters may be used in combination, each filter reducing the expo- 
sure of 8 certain layer of the positive. The ‘colours of the filters will then 
hhave the same meaning or sign. ‘Thus a yellow filter corrects a yellow 
hue, and blue filter, composed of a cyan and magenta, corrects 
blue hue, 

The range of filter densities was determined by the following method: 
a yellow, a magenta and a cyan filter are combined and the light source 
idéntical to the pri ting source viewed through the combination. The 
respective densities of the filters are altered until a neutral grey is 
obtained having a density of 1-0. ‘The three filters so determined are 
arbitrarily assigned a value of 100. The yulues of all the othee filters 
are decimal fractions of the calibration filters, 

Six figures are employed. The first two designate the concentration 
Of the yellow filter, the middle two that of the magenta filter, and the 
{ast two figures refer to the cyan filter. For example, 30 90 means: no 
Yellow filter, a 30 per cent. magenta filter and a 90 per cent. cyan filter, 
‘These figures can be added or subtracted, 

If the filter set-up of a negative thas been found for a positive film 
which is neutral, and this negative has to be printed subsequently on 2 
Positive material which is ** out of balance,” the two filter values may 
be added, the filter value of the positive material being determined by 
exposing a step wedge through colour filters — 


‘Thus: Negative fer value 49 00 20 
tive filter value 00 10 10 = 40 10 30 


(0 10 10 
Neutral print iter value = 30 © 2 











When changing over to a new positive butch, the filter value of this 
material has to be subtracted, for example: 
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‘Neutral print filter value 30 00 20 
Filuer yaine for new positive —10 00 10 


‘material ——__ 
‘New filter value ~ % % 10 


Usually 10 steps of each filter colour are ample, but occasionally 
5 pet cent, steps are used, Thus 30 filters comprise a complete set. A 
set of filters of the values 10, 20, 30 and 50 would yield every possible 
combination. 

‘The Continental laboratories made use of the well-known. Debrie 
dinphragur strip. In this machine the yolume of light is controlled by 
means of circular holes in a paper strip. The filter foils ate attached 
over the holes with light metal clips. The size of hole controls the total 
ight volume or a neutral grey may be added to the colour filter (Fig. 
200). 

In practical printing filter numbers for each scene must be ascertained 
by direct testing, Experience showed that with a single frame light 
change covering every combination, the mos! satisfactory grading system 
‘was to provide a ribbon control carrying not only a series of diaphragm 
‘widths but also all combinations of the filter numbers 30, 60 and 90 
consisting of 47 frames for ten diaphragm steps: 


Filter Combinations 
Diaphragm Steps. 

onn aw ¥ ve vaya ee 
30 0 00 30 30 00 30 00 30 00 30 30 
60 09 00 6 30 0 &@ 0 30 0 6 30 
50 00 00 30 30 00 90 00 30 00 90 30 
0 30 00 30 & 00 30 00 60 00 30 & 
% 6 0 @ © % & m 6 0 @ 
00 99 00 90 60 00 9 00 6 00 90 60 
00 00 30 30 90 00 30 00 90 00 30, 90 
00 0 wo & 90 0 - 6 0 90 00 60 90 
0 0 90 10 90 00 0 00 0 0 9% 90 


From the developed test print, the most neutral frame can be selected 
‘with ease, and from the disphragm series the optimum printing fight 
cant be determined. Next ona fine control ribbon all combinations are 
fecorded in ten steps centred on the most neutral setting. For # rough 
filter value of 60 60 00 these values are; 


eases Besse 
geese s8s65 
esses 388s 
Ssees Beses 
Szsse eeeee 
geeaes8 
eeeeea8 
seseses 


sssss s828s 
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The ten members of this series are arranged in’ a step order of 
*V2. This gives a series of ten densities in steps of 10, 


Colour Correction 

‘The writer is unaware of whether or not itis the practice to correct 
the colour balance of a motion picture print by a subsequent bath 
intended to reduce one of the three subtractive primaries. For the sake 
of completeness we give below data extracted from ** The Agficolor 
Process " by Wilhelm Schneider. 

Reduction of the dyes, he says, "has its inherent drawbacks as the 
overall density of the picture will be decreased, the shadows becoming 
more transparent and in some cases even coloured.” This is a curious 
Statement because shadows will in most circumstances be coloured 
‘anyhow: he is probably referring to blacks. He continues: “The solu- 
tions given offer a correction for every possible type of colour error.” 
He proceeds to state that while the yellow and cyan are reducible 
independently, unfortunately the magenta: reducer acts upon. the 
yellow and cyan also but less actively, If the excess is red, green or 
blue, then baths must be successively used of yellow and magenta 
Feducers, eyan and yellow, or magenta and cyan, 


1, Excess Yellow Reducer 


‘Sodium cholate (not chlorate) 50) grams 
Water Fi ie seo SU stadian 


‘Time 2-5 minutes depending upon density in excess. Watch the action 
‘With great care, Wash after completion for 20 minutes, ‘Discoloration of 
the bath does not reduce the activity, 


2, Excess Magenta Reducer 





Solation A. 


‘grAminoasiline hydrochloride (re-cnatalize! from water) 3 grams 
Wace ne zie santae oa 
Solution B. 

Sees esate das Snieenceat Bae 


For we 30 cc. of Solution Aare made upto 100 ¢<. with water anil then 
‘sed in qual parts with Solution B. 


3. Excess Cyun Reducer 


‘Sodium Carbonate Canhyd.) Pim 02 grams 
Acetuntlide ae at SOM cay 
Water thot) Pegi eomOOh. va 

Darkroom Itumination 


No safelight is desirable in the case of negative, Apparently two 
filters are occasionally employed. for a brief period should operation 
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F 10. 200.—Debrie light-control and colour-grading. strip. 


(Facing ps 318) 


=e El re” we 





SUBTRACTIVE PROCESSES 


demand it, For direct illumination Agfa No. 170 and for indicect 
Agfa No. 108. Both are green filters with maximum transmission at 
530 My, the density at this wavelength being 3:2. 

The sensitizing of the positive film shows two gaps, at roughly 
510 My and 590 My, The latter position was selected for the maximum 
transmission of the safelight filter, owing to high sensitivity of the 
retina in this region, and resolving power is also higher than for red or 
green light. It is better to have high visual acuity in the darkroom 
than high illumination, While filters can be made which transmit light 
of a narrow wavelength band in the yellow region they are not efficient, 
Itis recommended to use sodium vapour discharge lamps giving the 
familiar monochromatic radiation of 589 Mu. The intensity is too high 
for sufety and the lamps are used with a filter having an absorption band 
in this region, These safelights must be mechanically air-cooled. Using 
{wo filters of 20%30.em, and a suitable curved reflector, large rooms ean 
be uniformly lighted. ‘The safety margin for Agfacolor postive is 
30 minutes. 








General Remarks, 


‘The German technicians Yo not seem to have used a special illuminant 
in printing machines. A system of combination of light sources such as 
thas been successfully used for the printing of Dufaycolor wauld seem 
{o present valuable advantages. This consists in the mixture of light 
given by: A. a S00-watt projector lamp used with a narrow-cut red 
filter, and B. 2 mercury vapour discharge lamp used in conjunction with 
4 Didymium glass filter which serves to absorb the yellow lines of the 
mercury emission spectrum, and also to absorb wavelengths in the 
blue-green region. The combined radiation consists of: 


Narrow wavelength band 610 Mu—600 Mu (Red) 
Monochrome wavelengin bund "> S46 Me (Green) 
Ws Sih ecb neem ON Blue-violel) 
‘vith certain lewer bite tines of the mercury spectnam) 


If required a filter may be added to absorb the high-energy ultra- 
violet radiation. 

Jn Britain a suitable discharge lamp is manufactured by Siemens Bros, 
and Co, Ltd, 








Lap Data 

Mercury discharge lamp (special direct current type) 
Wants, Cap. lamer, ant lc conte tore Vetta, 
125° refocus "S0) es MWS 200210 
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This lamp has now been standardized and its relative output of 
radiation should be constant after the lamp has been run continuously 
for 75 hours. During this ageing period it Is quite possible that the line 
spectral emission ratio varies to a minor extent, but no data is available. 

Itis proposed by Dufay-Chromex Lid. to experiment in the printing 
‘of Agfacolor positive using Agfacolor negative with such a light source, 
and data will be published at an early date. On theoretical grounds 
there are good reasons to expect a marked improvement over the 
previously. employed system. 


Emulsion Coating and Sensitizing Data 

‘The following manufacturing data are summarized for reference 
purposes, but the reader is referred (o the Fiat Finat, Rurowt 943 of the 
Office of Military Government, U.S,, for full details, Published by the 
U.S. Department of Commerce, Technical Industrial Intelligence 
Division (Table $8), 


‘TABLE 58.—Sewsrrize LAYERS IN AGFACOLOR FILMS 

















ieee | Layer. Exmulsion Type and) Sensitcer.| Coupler. 
Reversal, day- | Anti-halo | Black (00812a)"* Noodles ere =< 
fight Bottom. | 3. pars Prot ‘Colour | Rr 2632, | F 654, 
(11/3780) pas 2 pares oe 308 
eee 
Midate | As above, bul 2 paris and | Re 340 ) | 7 169 
oF Z 
Filter ” Filter Yellow para 
To 1 part uti wv | = 
P| Fe ps2 pars Pho 
totechnic A TIT (00513) = F335. 
Reversal, hal | Anbhalo| Asetore a | — - 
at fotiom | t part each Soxndstirh 
10 ad Tela fine | Re 2652. | F 546 
iaite | Br bottom tyer wrao'y| Stas 
Bilt Av he it i wisi | AE 
er for dayight be = 
ee || Saree = | ess 
Reversal, 1 Bottom | 2 “ Middle layer 
a “colour” (007168) pun | 
re Colour Houtive’* | Rr 1933_| F $46 
oon70 Fass) 
‘Middle | As for bottom layer Reo Z 169 
Fitter yeh gioo rn f = — 
Top 4 gate “Fone; Tobie 
(G0L17) plus 1 part 
* Colour ** (007084) =n) P3358 
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TAnLe 58.—continued. 

















pacer | payer. | Erion Type ard | Sour. | Cowper 
Noasteversal| Bottom, | “fonan, fyearain Cox 
Wa Your (11/38 Ma toes | F 6st 
i 5 | migdle | "Rtdulebyer colour | Reso ) 
or mint eye Retasol | 2100 
sizes, cut fil Rr 1533) 
roll, and | Filter = 
Samm Cine’ | Top bt ante 
lis 1 part * Co- 
our SR — | rss 
a (ort nee | Baia | As for data stu 1088 | 4 654 
wae | pace: |" Reo 
inure filme | Fter f Retosol | 7169 
fi, “ana S| Te soe fue tel| 
5 7 a 
mies | | “our ants rss 
Positive Fito | Bottom | {pari Catoue Positive 
oe 3Ssnun, Re 1 oor lag pat 
fesse Printing MP Agpan lobia) | Retoss | F Sie 
nie | As orb jomluyer =. | RESO) | 2168 
Tor | aera ‘amici | se 
‘e pe stand 
Pfuuaoiay | — | Taszi 
Aghcolor | towom | * Brovirm Son Moaiis | F 46 
Wagers From | Mile eh ete Rea. | BS 
US Report Koes02 
Filer | * Fier Yellow, Bara" =: = 
Top |" Brovira Son"" | esas 











* See Table 59, 
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Taste 59— 
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Entutsion Cones 
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‘Tanue S9A.— Coating DATs 





‘Gonting demperature, 





























nee ee 
temo, | lenin and coils: pos, | Nets | Rem 
soc! 60 mins. a7) = 
ge] anim | = 
3) See alle = 
=| Oe |g ¢ 
New. 90, 
ie Be 
Hii weit) oe |e a 
Rev. 65 0" 
Top . Pos, 50° 160) ie 40 40 
mee | Bs 
| Rev, 65 wo 
Qvercont | Rev. 50" | = — || 87 
nee — eet nae 
Wive Bottom... “ M 87-95, 
eee ca Gee 
= i 
; bad iad Be 6taeme 
Positive ” «» Bottom - 44 S565 py 
Middle. i‘ Mat rare 
‘Top * a wa —% 
‘Coupler, Amount and 


‘fal canes. 








F346) 75ke (590 
Foo) 43 (3%) 





Ko 208 (0%) 
‘ 

£3) Bug 
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Agfacolor Sensitizers and Colour Couplers. Chemical Formulie. 
We give below the formulic of the principal sensitizers and colour 
couplers used for Agfacolor negative and positive films:— 


MA 1088 


‘Fic. 201,—Negative Sensitizer. Bottom layer, 
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ed, 301—Nepve Sense Midi layer 
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io, 203.—Negative and Positive Sensitizor, Middle layer, 
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Fig, 204.—Negative Senstizer. Middle layer: 
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Fro. 205,—Positive Sensitirer. Bottom layer. 
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Fis, 206.—Colour Coupler for Negative and Positive. 
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19. 207.—Colour Coupler for Positive. Fia. 208.—Colour Coupler for Negative. 
KOE_302) MAGENTA. 
HOOC - CH, 


Sy CK CO-NH-{ )-CO'CH, CN 
a : 


Fia. 209.—Colour Coupler for Positive. 


fsa Gen on CHPN-Gelyy 
on conn 
OH “ 
Fro. 210.—Cotour Coupler for Positive. Pia. 211.—Colour Coupler for Negative. 
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LIMITS OF ACCURACY IN COLOUR REPRODUCTION 
ATTAINABLE WITH THE AGFACOLOR PROCESS 

‘The Fiat FINAL Reronr No. 977, published by the Office of Military 
Government for Germany (U.S.) is entitled * Color Reproduction by 
Color Photography," by Dr. Paul Keck, formerly of Zeiss, This is a 
very interesting report upon some colorimetric work carried out in 
Germany on reproduction deviations found in the reproduction of 
colours by the Agfacolor films. After a review of modern colorimetrical 
methods, he sums up the mathematical formulation of the problem of 
colour photography by A. C. Hardy, F. L. Wurzburg and others, in this 
next statement. 

“There is an unambiguous mathematical relation between the 
reception sensitivities and the chromtticities of the primaries according 
to which perfect colour reproduction can only be theoretically achieved 
by the use of two assumptions: either to apply a set of realisable 
sensitivity curves, in which case the corresponding primaries turn oUt to 
lie outside the spectrum locus, or to assume a set of realisable primaries, 
in which case the sensitivity functions will then involve sections of 
negative values Which are unrealisable, 

‘The theoretical accuracy of reproduction achievable with various 
primaries have been computed for an additive process by W. Schultze 
and H. Hoermann of Agfa, Wolfen, Dr. Keck quotes from an un= 
Published paper by these authors. They calculated the reproduction of 
three different sets of samples: 

1, The Oswald eight full colours. 


2, Eight saturated pigment samples from the Baumann-Prase Atlas. 
3. Bight spectrum wavebands of constant luminance. 


‘The reproduction which would be given by 22 different sensitivities 
(possible or impossible to realize), including linear shapes, parabolic 
shapes, tristimulus values of the spectrum, Hardy and Wurzburg’s 
Positive values only, 

Generally the tristimulus values give the worst results, ‘The best 
results for the eight full colours are given by linear shaped ranges 
(rectangular sections) as follows;—419-485 My, 503-574 Myr, 874-640 

with an average distance on the RUCS diagram of 0.017; for the 
Pigments 0-019. 

For the eight full colours the best sensitivity was given by Hardy and 
Worzburg’s curves, representing positive parts only of the tristimulus 
values but separated by vertical joins, Here the RUCS distance was 
only 0-013, and for the pigments 0.016, 

Summ: Schultze and Hoermann state: 

1. Sensitivities with large overlapping spectral curves give poor 

Teproduction, This is especially true for the tristimulus values 
Of the spectrum used as sensitivities. 
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2, Sensitivity curves calculated according to Hardy and Wurzburg 
‘ve very good results if the negative parts, as well as the over- 
lapping sections, are neglected. 

3, The reproduction is almost as good as before when optimum 
colours are used which do not cover the whole visible wavelength 
ranige. 

4. No essential differences between the reproduction of optimum 
colours and pigments occurred, 

5. Spectrum colours do not result in good reproduction, 

6, The best colour reproductions result in average deviations from 
0013-0.020 in the RUCS system. 

7. Red and magenta chromaticities in general give rise to the largest 
differences and. yellow hues correspond. to the smallest ones. 

‘These computations refer to an additive process, 

‘The same authors haye published measurements on colour reproduc> 
tion by Agfucolor reversal film of a set of 12 highly saturated filters. 
The illuminant was ICl—C? using Agfacolor Reversal Daylight Type. 
The filters were also reproduced on Agfucolor Reversal Tungsten Type, 
This film must be viewed with a source of 2,840" K, Dominant 
wavelength and colorimetric purity of the originals and reproductions 
‘were measured. The colorimetric purity values were transformed into 
excitation purity. For the 12 selected samples the dominant wave- 
lengths and excitation purities are given in the accompanying Table 60, 
“The valoes under DI and Dz refer fo two.oxponure in daylight nnd A 
refers to the exposure to tungsten light. 

















‘TANLE 60 
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The distortions are serious, especially with blue and Violet hues. As 
far as luminance is concerned the transparency of the reprodiction is 
always Jess than that of the original filter, 

2 CLE, 
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The same authors measured the reproduction chromaticities of the 
same 12 filters as reproduced by the Agfacolor negative-positive process 
and also obtained comparison reproductions by printing Agfacolor 
positive with three separation negatives exposed through Agfa tricolor 
filters 40, 41 and 42, ‘The light source was ICI—A. Narrow-cut 
tricolor filters were used for printing. The reproduction of blue and 
Violet filters i, k and |, display larger deviation than did the reversal 
film, The print made from the separation negatives was litle better, 
The RUCS average distance was 0:097 for the negative-positive and 
01066 for the three separation negative method, 

Eight pigments of high saturation in the Baumann-Piase Color Atlas 
wore reproduced by the reversal and by the negative-positive process, 
Results are given in the following Table, 





Tonle 61 
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Note the dominant wavelength of No, 8 has changed from that of « 
purple to a red (very desaturated), excitation purity haying fallen from 
0-40 to 0-12. No. I has become’ more orange. The reproduction of 
No. 5 by negative-positive is far more blue-green than by reversal. On 
the other hand No. 6 is nearly matched by negative-positive and badly 
out in reversal. 

In general, the Agfucolor process gave deviations about twice as 
Breat as by the best an additive system could yield. Reversal was 
slightly superior to negative-positive. 

Dr. Keck poses the question, “How large do the chromaticity and 
luminance deviations of the reproductions have fo be, compared with 
the original, in order to produce the most natural sensation under given 
Projection conditions?"” Since he points out, quite correctly, that for 
Projection it is undesirable that « film should be an exact colorimetric 
Teproduction, owing to the physiological and psychological conditions 
involved. This is an interesting question and there is not much dats yet 
to help us to come to reliable conclusions. 
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‘Summary 


The weakness of processes employing an original record in colour 
lies in the difficulty of making duplicate master negatives without 
obtaining unacceptable degradation or distortion of colour andjor loss 
of resolving power. Masking is a pastime for mathematicians. The 
writer is firmly convinced that up to the present, a set of separation 
negatives represents by far the most reliable and accurate foundation. 
‘Beam-splitter cameras are expensive, cumbersome, and delicate, but they 
give the technician an odd feeling of security after experience of the 
vagaries of monopack. Nevertheless negative-positive processes, such 
as Apfacolor, have their proper field of application and we must hope 
that one of the manufacturers will shortly revive its production. In 
the meantime physicists are welcome to cover pages with their symbols 
to prove that something can be done on paper which cannot be done in 
the laboratory. 
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Ansco Color.? 


(Manufactured by Anseo, Binghamton, N:¥., US.A., i Subsidiary of The General 
Asriline and Film Corporation.) 


Classification—Integral_tripack three-color reversal subtractive 
process, the emulsion layers incorporating non-diffusing colour 


couplers. 
Camera-—Normal. 
Projection-—Normal. 





Printing Normal, With suitable means for grading for colour. 
Processing.—Normal machinery with adaptations. See below for 
full description, 


‘Tyres oF ANsco CoLOR FiLM FoR MOTION-PICTURE) CAMERAS: 








Width, Type. | Speed Rating. Mlaminasia, 
Weston. GE 
T6mm. | Reversibic| 8 12 | Daylight Type 








Weston. CE Purpose. 


35mm, | Revenible | 5 8 
“Type 735 | (ASA.6) 





lite" Glass. On Nitrate Film Base. 





35mm. | Reversible Ditto Ditto, but coated on Acetate Film 
85 Base 





35mm. | Reversible | 2todtimes | Release Positive Prinrlag, Nitrate 
i; | Film Base. 

















“Type 732 | “tight need 
ges 
EW. tine 
| enon 
| 
35min. | Reverible | Ditto | Ditto, Acetate Film Base 
‘Type #32 
35mm, | Rewesible | Dito ‘Duplleatig Film 
> “Type 132 





+ Data presented by kind permission of the manufacturers. 
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‘Types of Ansco Color Film —coi'd 
ANSCO ONE-StIUP COLOR-SEPARATION FitM, 





min) Tee | Sent aie | soo 





35tm, | Type 153, | Equal gum- | For separation negatives froim origi: 
| Hacksand-| mas “for | nal feveral colour positives com 





white L Pring te. 
Green preparation of black-and-white 
| and Blue | positive masters for printing on 


exposures | Anseo Release Positive Fl Type 


General Description. 

Ansco Color Reversible 16 mm, film was first made for use by the 
United States Services after the entrance of U.S. into the war, The 
Structure of the film is substantially identical to the Reversal Type 
German Agfacolor film, the full manufacturing data of which were 
faturally at the disposition of the pre-war Agia Anseo Corporation. 
Subsequent to the war 16 mm, Ansco Color film was made generally 
‘available to the public, and in 1945 three types of Professional 35 mu, 
Ansco Reversible Film were announced, including a duplicating film 
‘and positive film for reteuse prints. Special processing machinery has 
been constructed, and machinery has been installed in commercial 
laboratories. 

‘The range and accuracy of colour reproduction is excellent, although 
somewhat lacking in saturated reds due to the magenta coupler yielding 
W somewhat desaturated hue. All types so far available are designed for 
Feversil processing. First and second generation dupes, of fair quality, 
have been made. 

This process is an important addition to the choice of colour films 

ble to the motion picture industry. It is probable that a nogative- 

sitive process, similar to Agfacolor, will later be introduced. Fig. 
212 illustrates the now familiar processing sequence. 
> ‘Structure. 

Nitrute or Cellulose Acetate safety film base coated with three emul- 
sion layers (excluding a yellow filter layer of colloidal silver and the 
antichalation coating) selectively sensitized to three spectral regions, 
red, green and blue. The outermost emuilsion is blue sensitive, next 
comes an interlayer of colloidal silver comprising a yellow filter 10 
Prevent further penetration of blue light, the middle emulsion is green 
sensitized, the bottom emulsion is red sensitized and with little or no 
‘green sensitivity. The base is coated with an anti-halation backing of 

« Solloidal silver beneath the bottom layer of emulsion (Fig. 212A). 
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Fia, 212A.—Ansca solor reversal fim. Structure and mode of image formation. 
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The colour couplers are subtractive to the gelatine emulsions ia which 
they are dispersed, their non-diffusion characteristic being achieved by 
the addition to the couplers of tong chain fatty acids. Similarly the 
sensitizers ae non-diffusing. 

The camera film is sensitized without a break through the visible 
spectrum, the maximum sensitivity being at 650 My, 550 My and 440 
Mu. The positive has sharp sensitivity peaks and a complete break at 
$75 Mu. The red sensitivity is continued much further into the red 
than with the camera film, the maximum being at 680 Mus, For the 
reasons for the adoption of the special characteristics of the positive 
sensitizing see the section on Agfacolor (p. 363). 
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Fig, 213. Characteristie Curves of Ansco 735. 


Ansco Color 35 mm. Camera Film. 

‘As the 35 mm, process is at present restricted to the use of reversal 
films at all stages, the camera original record is therefore a positive 
when- processed. ‘The characteristics of the 35.mm, camera recording 
film have been modified as compared with a film intended to be used for 
Projection such as Ansco 16 mm., with the object of meeting the 
Tequirements of printing first and second generation duplicates with 
the minimum loss of colour saturation snd accuracy of colour repro- 
duction. Ansco Color Type 735 is softer in gradation compared to 
regular Ansco Color Film, the grain is finer and the colour balance 
purposely set off-natural, Fig. 213 shows a comparison of the charac- 
{eristic curves of Ansco Color Type 735 and Ansco Color Daylight 
Film Type 235. 
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Ansco Color Camera Film is available on both nitrate and acetate 
film base and designated 735 and 835 respectively. ‘The former is 
balanced for exposure in bright sunlight; or for studio exposures, the 
Key-light should be provided by H.I. carbon arcs modified by Y-1 
gelatine filters and fill-light by tungsten lamps (3,200" K,) filtered with 
Macbeth Whiterlite glass. The spectrogram shown in Fig. 214 gives the 
Telatiye response of the film to the visible region of a daylight spectrum, 

oF optimum print results the film should be slightly underexposed 
oF somewhat heavier in density than is the normal practice when 
exposing for screen projection of an original, in order to maintain as 
much of the exposure as possible on the straight-line portion of the 
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Fla. 214,—Weige spectrogram of Amsco Colot Camera Filmy, ‘Type 738 (HL. H 
‘Duerr and H.C, Harsh), = 





40 48 48 se 

















sae ery ar a} 8 


Pid, 215—Wedus spectrogrim of Ansco Color, Type 732 Release Film (H. HM. 
Duetr and H.C. Hirsh. 


characteristic curve and avoid inaccurate colour reproduction from 
‘exposures falling in the region of the toe, This film should be processed 
for a somewhat shorter time in both first and colour developer than 
in the times given for 16 mm. processing. 


Printing. 
Release printing is catered for by Ansco Color Release Film Type 
732, characterized by low speed, very fine grain, and by sensitizing 
showing sharp peaks in the green and red regions and a partial gap 
between these peaks, ensuring maximum colour separation, Release 
film is available on both nitrate and acetate film designated 732 and 
832 respectively (Figs. 215, 216), 
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Printing machines should possess the following features:— 


1. A light source which operates at a colour temperature of approxi- 
mately 3,000” K. 
2. A means for inserting printing filters into the light path quickly. 


32 
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° 
‘Fro, 217.—Chanicteristic Curve of Ansco Duplicating Film, 


3. A condenser lens system for the light source to concentrate the 
light at the aperture. Ansco Color Release Film, with the 
Printing filters in place, will require 2 to-4 times the light needed 
for printing black-and-white positive fine grain stock. 

4, Its good practice to provide an air blast or fan as a means of 
dissipating the heat from the lamp house in order to avoid 
damage to the filters and film. 

A standard series of colour compensating filtersin a range of densities, 

of yellow, magenta and cyan, are available. 
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Prints from Duplicates, 


Dupes are essential where special effects such as lap dissolves and 
Wipes haye to be introduced and also to provide a master dupe for 
release printing. Two methods have been devised. 

1. Optical printing of the Ansco Color original on to Ansco Color 
‘Type 132 Duplicating Film. 

This stock has about the same speed as Type 732 (Release Print). 
Processing is identical to Type 735 (original camera film). This 
first generation duplicate can then be interspliced with the 
original and used for release printing on Ansco Color Type 
732 Release Film. The characteristic curve of this film is shown 
in Fig. 217. 

Developing time for Type 132 is 10 minutes for first developer and 
9 minutes for colour developer. 

There is some loss of colour saturation in the second generation 
duplicate by this method, but the loss is not serious enough to 
preclude its use for certain lap dissolves, wipes, and other 
Special effects if perfect colour rendition js not essential. The 
method is not recommended for making full-length master 
dupes, For this purpose the second method is preferred. 

2, Optical printing of Ansco Color Film Type 735 on to Type 132 
masked with a black-and-white film which has been contact 
printed from the original Type 735 camera film, The masking 
film is designated Type 154. A special low-shrink, panchto- 
matic, black-and-white film has been developed for making 
masks. This is a low contrast film, its characteristics being 
illusteated in Fig. 218. 

In order to ensure good registration, the same printing equipment 
should be used for the printing of this colour correction mask 
which liter on is used for the printing of the masked master 
dupe, Suitable optical printers must possess synchronized 
fitermittent movements with register pins and good optical 
equipment (Fig. 219), 

To make the mask it is run in contact with the original in the camera 
head of the optical printer, using the projection head empty as a source 
of light. A yellow filter is placed in front of the source of light. 

‘The mask is developed in n negative developer of normal type. 

To print the master dupe the original is run in the projection head 
‘optically registered to the mask now placed in the camera head, It is 
then printed in contact with Ansco Color Type 132 Duplicating Film. 

Naturally accurate optical registration must be checked before 


printing can begin, Special effect matter should be run in the projection 
head with the original. 
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This method, it is claimed, will yield a conformed master dupe that 
will show fittle oF no cotour saturation. 

‘The masked master dupe is finally used for printing release prints on 
Ansco Color Typs 732 Release Film in a regular continuous printer 
equipped with mechanical means for the insertion of compensating 
filters (See above). 
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Fs, 218 Characteristic Curve Anico Maskiog Film. 















































Projection Head Camera Head 
Fi0, 219,—Schematic view of optical printer 


Ansco One-Strip Color-Separation Film," 
tn 1946 Ansco announced a new monochrome film designated Ansco 
ip Color-Separation Film, Type 153, It has the special property 
‘ing identical gamma for red, green and blue recordings in the 
same development time, This is equally true for low contrast (0-50) 
and for high contrast (2.00). The eyan dye used in Ansco Color Film 
* See also pase 134, 
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has a maximum absorption at approximately 6,800 A. This enables 
the use of a Wratten No. 70 filter to yield a red separation that js nearly 


ideal. It is not feasible to use the No. 70 filter with normal panchro- 
matic film (Fig. 220). 
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600 
Ware-/ength (Milliaicrons) 
ia, 220-— Spectrophotometric curves of dyes in Amsco Color, Type 738. (Courtesy 


‘of Ansco: H.C, Harsh, J.S. Friedman and Journ, Soe. Mot Pie. Eng) 





‘The following technique is employed. The scene is photographed on 
Ansco Color Film Type 735. This is then copied on Type 155 film using 

ier which is equipped with registration pins and capable of skip- 
frame printing. At this stage fades, lap dissolves and other optical 
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Fra 221-—Griphie representation of steps involved in wing Type 155. (Courten 
‘f Amsco! H, C: Harsh, 15. Plednon and ourm, Soe Mo Pe Ba 
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effects can be introduced, The Type 155 film is then developed to a 
gamma of approximately 0°65 in a buffered borax developer of the 
type used for variable density sound film. The resulting film is now a 
conformed master containing all the effects and with the colour records 
as successive black-and-white frames, It serves as a protection against 
damage to the original. 

To convert the separation negatives to colour prints, they are first 
printed on standard black-and-white Duplicating Positive film on the 
same optical equipment for making the negatives, and developed to a 
gamma of approximately 1-4. The final step is to print the separation 
positives on to Type 732 film three times through the appropriate filters. 
‘The result is claimed fo be a release print equal in colour reproduction 
to adirect print from the original (Fig. 221), 

‘This film has been designed to solve the specific problem in the cuse of 
‘monopack materials of avoiding the loss of saturation when it becomes 
necessary to: make second, third or fourth generation duplicates which 
Will yield good release prints. 








Sound Track. 


Since the release printing stock is a reversible film, a positive black~ 
and-white track is required for printing. ‘The ideal way to obtain such a 
tick wouild be a direct-positive recording. Equipment for this purpose 
is not generally available, and the following method is recommended 
by Ansco, 

The recording head of the sound equipment is moved so that the 
negative recording is obtained on the opposite side of the film. This 
negative is then printed on to black-and-white positive stock, which will 
then have the sound track in the proper position for printing directly 
on to the Ansco Color Type 732 Release Film in the conventional 
mitnner. 

Dye tracks, especially those obtained by the dye coupling method, 
have a relatively low absorption in the infra-red region. Thus the 
Conventional infra-red-sensitive photocell, for example, type 868, is 
not too well suited for these dye tracks and « loss in volume, amounting 
to approximately 6 db., is encountered. This loss in volume, while 
serious, still comes within the range where adjustment ean be made by 
fader setting on most 35-mm, projection equipment. The new RCA. 
LP. 37, a gasilled photorube, meets the requirements since the sen- 
sitivity of its casium-antimony surfice has its peak at 4,200-4,500 A, 
being highly sensitive to green and blue, This surface is known as S-4, 
the existing tubes haying the S-1 cesium-ilyer-oxygen surface with 
mainly red and infra-red response. Levels ate found to be slightly 
helow those from silver tracks. Signal-to-noise ratios are practically 
the same as with silver tracks. 
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Two-layer tracks (yellow and magenta) printed on the two upper 
{ayers of the tripack have # slightly superior performance as compared 
‘with three-layer tracks. ‘Single (yellow) layer tracks are of no use owing 
to the green sensitivity of the LLP. 37 phototube. Good tracks can be 
made from either direct positives, or printed masters, provided a good 
negative is available for making the master. Masters should have 
higher densities and more image spread for printing colour tracks than 
for making standard silver tracks, and the control for minimum dis 
tortion follows the usual eross-modulation test procedure, 


Processing, 

The processing of Ansco Color Reversal Film is relatively simple, 
though there are thirteen steps as against the four involved in develop. 
ing ordinary black-and-white negative film. ‘The first step is to develop 
the negative latent images produced by exposure ofthe fil in a camera, 
This is done ina high-sulphite metol-hydroquinone developer designed 
to avoid any coupling action between by-products of development and 
the colour couplers in the three emulsion layers, After immersion in a 
shortstop bath, and a bref rinse, the film is exposed to the light of a 
photoftood lamp so that the remaining silver halides of the emulsions 
are rendered developable. Development is carried out in a solution 
‘whose active ingredient js a derivative of paraphenylene diamine," and 
the by-products of development react with colour formers in the emul- 
sion layers, Following colour development, the film is treated succes- 
sively in a clearing bath, hardening bath, washed, and then immersed in 
4 bleaching solution. ‘Here the silver of the negative and. positive 
images, as well ts the yellow filter layer and antichalo coating, is eon- 
verted to silver bromids by the combined action of potassium fecri 
cyanide and potassium bromide. Care must be taken to ensure tbat 
bleaching is complete, since the dyes formed during colour development 
Inhibit the action of the bleach solution, by preventing its ready aecess 
to.the particles of metallic silver, After bleaching, the film is washed 
and fixed in ordinary hypo, A ‘inal wash and drying complete the 
process. 

"The develing agent Ii ihe Ansco Color Devel is sounder 
the tide name of "*Dicolunine* "This Ww buppled ars Nes wed jules 
from the formula it is a solution of 4 gm. of diethyl-p-phenylene dismine 
‘hydrochloride and 1 jm. of sodium bisulphite. Ansco has apparently preferred 
40 wwe s trade name to designate the developing agent to ensure that only material: 
Het laboratory tied for Amsco Color Fm used. This is quite important, 

the degree Purity of the diethyl-p-phenylene diamine hydrochloride colour 


substance influence the quality of the 
(roeieectgrenm rela. Quality of the results in regard to colour 
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PROCESSING TiME-TABLE FoR Ansco CoLok MoTioN 
Picrune Firm (Revensat. Type) 

















‘Treatmens, | Time, | Total Time, Temperatures. 

cere) EE | OE we 
‘Short Rinse SY = 3 | us 
Shorwopt 2) = % sé 

is BNE = te 3 | 
Wish and 2nd Exposure) = 3 — a 3 
Colour Development, . 5 ct 
Shon Rimes | = 20 % 3 | 
5 tL 3 2 | 68 
coe Eee 
sh = 
Bleach 6 = 312s | 6a 
‘Wash 7- | 43 |ee 
ne ts eee |* 
Final Wash, 6 n 2s 

DeverorinG Ties 
Type. Firat Deseloper. | Colour Developer: 

Anico Color Type 735 oF 835 ane Gal 

oF 833. 
‘Ansco Color Type 132 of 232 RY 8 


‘Auieo Color Type 732 o¢ 832 





‘Automatic Processing Machine for Ansco Color Film, 
J. L, Forrest of Ansco describes the sprocketless developing machine 
which he designed for the processing of Ansco 16-mm. Reversal Film. 
‘This description may be assumed to be substantially correct for 35-mm. 
developing machines also. Bottom-drive mechanism is used. Precision~ 
‘bored hard-rubber rollers having tracks and recess ensure no contact 
with picture in sound-track area. ‘There are 25 units in the wet section 
‘and 4 units in the drying section, ‘The whole requires more than 5,000 ft. 
of leader for threading. Seven units are in the dark and 18 wet units 
in the light. ‘The roller banks are about 34 ft. between centres and they 
‘are mounted 8 in, apart on the top support, The range of speed is from 
40 to 72 ft. per minute—normal speed 60 fi. The film is driven by 
friction applied through the bottom drive. The machine is entirely 
self-compensating for dimensional change in the film, 
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‘Quoting from Forrest's paper: 

“The behaviour of acetate safety film during the developing cycle is 
rather interesting. There are two factors which influence the dimensional 
change. One we term the* Humidity Coefficient,’ and this refers to the 
change of dimension which occurs when the film is subjected to moist 
air or water. The other factor we term the “Temperature Factor.’ 
‘This refers to the change of dimension in the film which occurs when it 
is subjected to changes of temperature either in air or in aqueous 
solutions. In processing, the dimensional changes occur continually as 
the film passes through the developing machine, These changes of 
dimension, seen in Fig. 222, are ordinarily not noticeable to the eye, 
but they are appreciable. Very careful consideration must be given 

27 











Fio, 222-—Dimnsional changes in Ansco film during processing (J, L. Forrest) 


to them when designing a developing machine, otherwise the film will 
Tun with excessive tension in some sections and be excessively loose in 
others, 

‘In order to compensate for these factors, all top rollers of the 
developing machine are free to move independently of each other. 
‘To ensure this, a stationary separator washer is placed between each 
roller. This permits entirely independent movement of each roller 
without a tendency drag from neighbouring rollers, This. design 
will permit equalization in the wet section as tong as the film is 
expanding, for it permits. each loop of film free movement and 
slippage. “It will not, however, compensate for shrinkage which 
must occur in the drying operation. In other words, it will take care 
of the dimensional change in the film, as indicated from point A 
to point B in Fig. 222. From point B to point Ca reverse condition 
exists and the film becomes shorter. In order to compensate for 
this reversed dimensional change, the drying cabinet is underdriven, 
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PROCESSING FORMULA 
FOR ANSCO COLOUR MOTION PICTURE FILM 
(REVERSAL TYPE) 


First Developer pH 98-10 
Mewol 
Sod. sulphite 
Hydroguinone 
Sod. carbonate 
Pot. bromide 
Sod, thiocyanate, 
Watertomake .. 





Huetasu 





‘Short Stop ¥ ant 11 pH S36 
Acetic acid (glacial). 
Sod. aostate 
Water tomake =. 





1 Mite 


Colour Developer pH 10-103 
Sod, bisuiphite 
*Colamine”” 
Sod, carbonate... 
Pot.tromide ., 2. weve 
Watertomke 5 a 





Hardener Land It pH 3845 
Pot.chromeatum =. sss eas 0 gM, 
Wotertomake 2. 25a ee wen Mitte 


Bleach 
Pol. ferricyanide 
Pot. bromide... 
Dibasic sod. phosphate 
Sod: bisulphate 
Water to make 





acne 7. 40) 


























fi} hil, if Ladin i ? 























Fic, 223 Developing Machine for 16 mm. Ansco Color Reversible Film. 
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which means that more film is drawn into the cabinet thin is taken 
fromit. This difference in drive isin relation to the dimensional change 
which occurs in the film. 

* By designing cach section of the machine to compensate inde- 
pendently for these dimensional change fuctors, the tension on any part 
of the film st iny point in the machine never exceeds 30 gm. or | ounce. 
With this low strain on the film, breaks in the machine are extremely 
rare. We have some machines in continuous operation for more than 
six months at a time without a film break (Fig. 223). 

** All metallic parts of the developing machines coming in contact 
with the solutions are made of 18-8 stainless steel. ‘The solution tanks 
are made of steel, rubber coated } in. inside and yy in. on the outside, 
It bas been found that coating the tanks with rubber on the outside 
reduces the maintenance cost. 

“<n operation the film is fed into an elevator. The elevator holds 
‘about 120 ft. of film. From the elevator the film pastes over a break 
signal device into the first developing tank. ‘There are four roller banks 
in the first developer giving  totl time of 12 minutes at normal 
‘operating speed. After developing, the film passes successively into the 
rinse, the shortstop, the hardener, then through the light lock into white 
light. AC this point itis given a second exposure. The second exposure 
is supplied by four G.E, PS-25 lamps, two placed on each side of the 
film. 











** Simultaneously with the second exposure the film is given & 
3-minute wash and then goes into the colour developer. There are five 
banks of rollers in the colour developer. This gives a total time of 15 
‘minutes at normal operating speed. 

“The next four units of the developing machine are in single tanks 
to accommodate the steps-of rinsing, shortstopping, hardening, snd. 
washing. After the film has passed through the hardener and its sub- 
sequent wash, it travels into the bleach. The bleach tank accommodates 
two units and provides 6 minutes at normal operating speed. Bleach- 
ing is usually completed in 24 minutes, The extra time is provided to 
ensure thorough bleaching, After bleaching, the film passes through a 
‘wash tank and then into the fixer. 

“The fixer tank contains two units allowing 6 minutes at normal 
operating speed. This ensures complete removal of the rehalogenated 
silver. The developing machine is provided with two wash tanks 
following the fixer. The first tank contains a single bank of rollers and: 
allows 3 minutes of washing, This removes most of the fixer. The 
second wash tank contains two banks and provides the final wash of 6 
minutes. The residual hypo left in the film after processing falls below 
0-005 mg. per sq. in., which is satisfactorily low (o ensure permanency. 
‘After washing, the film passes through a double pneumatic squeegee, 
‘operating at 7 1b, pressure, into the drying cabinet. 
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There are four banks of rollers in the drying cabinet and drying is 
accomplished in ubout 15 minutes. Clean, dry ait is supplied to the 
cabinet from a dehydrator. The drying system is entirely closed and it 
is automatic in operation. The temperature is maintained at 86° F. and 
the relative humidity is held at 35 per cent. In this system, if faster or 
slower drying is desired, the relative humidity is adjusted at the dehy- 
drator. The air temperature is not changed, We have found this 
method of drying to be very satisfactory from all angles and it can be 
highly recommended. 

“The chemical mixing equipment is located on the floor above 
the laboratory and the solutions are fed through rubber pipelines 
to the processing tanks of the machine, All make-up solutions are 
maintained at approximately the working temperature. This is 
Sccomplished by heat transfer coils located in all storage tanks. The 
temperatures of the processing solutions are controlled within narrow 


““In orderto ensure sharp, brilliant colour images, the developers, 
bleach, and the hypo are filtered and jetted against the film as it passes 
through the tanks. In the developing tanks these jets are so arranged 
that the solution is directed against the flow of the film. This high tur- 
bulence provides a uniform development free from streaks usually 
associated with high-speed machine work. 

"* During operation the solutions are continually replenished. The 
amount of replenisher is determined by constant pH control and by 
sensitometry. Sensitometric tests are put through the developing 
mitchine every 30 minutes. These strips are checked for speed, colour, 
and fog. A pictorial check is also made, and in this test short pieces of 
film, representing three different exposures of @ predetermined set-up, 
are developed together at 30-minute intervals. The pictorials consist of & 
colour chart and a grey scale. One series is given normal exposure, one 
series is exposed one stop less (this represents underexposure), and 
another series of exposures represents one stop more than normal, 
which is overexposure. A constant check is made on the grey scale for 
fone and the colour patches are checked for general colour character 
istics. From these tests it is possible to control the characteristics of 
the various solutions so that the quality output from day to. day is 
uniform, 

“In conclusion, it can be said that Anso Color motion picture film 
should not be developed by hand processes. Only a developing machine 
will give consistently uniform quality. Machine processing is the most 
‘Satisfactory method of handling the film. Good turbulence of the 
Solutions is necessary to ensure clear, brilliant, sharp colour images, 
No attempt should be made to operate continuous colour film develop- 
ing process without adequate control facilities, for to do so will result 
only in failure. The control procedures necessary with machine process- 
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ing of Ansco Color Film are not difficult to use. However, to interpret 
the result itis obvious that a thorough knowledge of each step of the 
process is required.” 


Remarks 


Contrast cannot be modified by increase or decrease of development 
‘ime because the layers are developed to correct balance only at a fixed 
lapse of time, One or other layer would predominate if the film were 
developed for a different time from that recommended. 

Fluorescent tubes are unsatisfactory for second exposure not only 
because of low intensity but owing to differential exposure due to line 
radiation. 

Ikis practicable to dry the film after the first development, but very 
‘complete washing is essential, 

Four solutions are circulated—Ist Developer, Colour Developer, 
Bleach, Hypo. All solutions are continuously replenished. 

Rubber squeegees are provided between each tank, 

Each developing tank has horizontal and vertical pressure jets movin, 
‘against the direction of film travel. 

‘Over- and under-exposure of Ansco Color Film can be compensated 
for by altering the time of the first development only, Ifthe errors to be 


Derects IN ANSco CoLox FILM, AND REMEDIES 


Defect. Possible Causes. Romety. 





<9 Tar 


first 
Exhausted stop bath | None 
Insufficient second ex- | None 


‘posure 

Temificient colour de- | None 
velopment 

Insufficient first devel- | None 


pment 
Oferderelopmeat_ ts | Nove 
Income escng | Relach and wah 
ne se 
Tncoroplcte aching | Rebeash fx and was 
Inulciat_ wash be: | ‘None 
oan hardening th | 
pore of film 10 | Rebleach (3_ minutes), 
Suiphur dioxide | fx, and wash 
umes while devine 
Insafsent iing | Refi and wash 
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corrected are two-thirds of a stop or less, the colour balance of the 
transparency is said not to be seriously disturbed by this procedure, 
‘The following development times are recommended, 
Sara Hop, 9} minutes 

ts 








Af exposure errors as large as about one stop have been made, the 
colour balance will be seriously affected. 


Ansco Color Film, 16am. Reversible 


‘Types—16-mm. Reversible. Daylight type and Tungsten type. 
(100 feet daylight loading spools.) 

Classification—Integral tripack three-colour Subtractive. Incor- 
porated non-diffusing dye-couplers. 

Mhmination—Tungsten type balanced for 3,200" K. limps, (G.E. 
500 watt PS. 25, or Photoflood lamps.) 

Filters — 5, 16 and for absorption of excessive ultra-violet 
radiation at seaside, at high alt tudes, of to reduce haze, 

Ansco Color Conversion Filter \0, to transform daylight to tungsien, 
for use of daylight type indoors. Requires 4 times exposure of Tungsten 
‘type (viz,, 2 full stops). 

Ansco Color Conversion Filter 11, to transform tungsten to daylight, 
for use of tungsten type in daylight. Requires a half stop over that 
needed for daylight type. 














Darucir Expostre Guipr 


Exposures in the tuble below are suggested for use in the Temperate 
Zone from two hours after sunrise until two hours before sunset, In 


The exposures given are for average subjects. Dark subjects require 
stop greater exposure, while light subjects require 1-stop less exposure, 
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NORMAL SUTTER Speep oF 16 FRAMES PER SECOND 
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Exposune GuIE Fo TuNGstes Tyre wrnit 3,200° K. Lamps 
‘on No. 2 PHoTOFLOOD 


‘This tableis based on exposures for average subjects in light-coloured 

surroundings, A dark-coloured subject will require a {-stop or greater 

increase in diaphragm opening, whereas a light-coloured subject will 

require about {-stop smaller diaphragm opening. Because of the differ- 

‘ence in reflectors, the table is given only as.a guide. In order to utilize 

ie full output of light from the lamp, a reflector of good quality must 
used. 


500-Watt A-25 3,200" K. MazpA Lamps (iN REFLECTORS) 
For Average Subjects in Light-Coloured Rooms. Normal Shutter Speed 
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4m | on | om mz, 








sete = | a |B 
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When two lamps are used, the exposures in the table are correct 
only if both lamps are close to the camera, and the light from both of 
them must be superimposed on the subject. 

‘The exposures given in this table apply also to the use of No, 2 
Photofloods in place of the $00-watt 3,200° K. lamps. With Photo- 
food lamps, an Ansco UY-15 filter should be used over the lens. 





‘Axsco Cotour Fiurmns. For Axsco CoLour FILM 
Anco colour filters are available in two grades (Lens and Printing) 
to meet the requirements of two essentially different needs, for camera 
enses and for laboratory printing. These filters are for use with Ansco 
Color Film where it is necessary to change the effective colour quality 
of the light by which the colour materials are exposed. 
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Both ate supplied in the form of gelatine foils only and are made to 
meet exact specifications as to spectral absorption. The only difference 
between the two grades is in the optical quality of the filters and there is 
no difference in their spectral ubsorption characteristics, For example, 
striations and minor imperfections which have no effeet when the filter 
is used oyer a light source may exist in the Printing * grade filters. 
Because they would interfere with the quality of the image, such minor 
Physical imperfections are not present in lens filters, 

Ansco colour filters can conveniently be classified into three groups, 
as follows:—1. The ultra-violet series; 2. The conversion series; 
colour compensating series. All of these are supplied as ** Lens" 
filters, while only the colour compensating series and the UV-16P can be 
obtained in the form of * Printing "filters. ‘The foils are edgemarked 
either“ Lens" or * Printing,” in addition to the series and number. 


1. The Ultra-biolet Absorbing Filters, as the name implies, absorb in the 
ultra-violet and slightly in the blue region of the spectrum, While the 
primary purpose of such filters is for haze correction with Ansco Color 
Film, Daylight Type, in photographing distant landscapes and. sea- 
scapes, and in making pictures at high altitudes, the fuct that they 
absorb at the blue end of the spectrum makes them also useful where 
minor changes in colour bulance are needed. 

There are three filters in this series designated in order of increasing 
absorption as the UV-15, UV-16 and UV-17, The specific uses for each 
fare outlined in the table, 











2. ‘The Conversion Filters are for exposing Ansco Color Film when the 
light source differs from that for which the film was manufactured, For 
example, daylight contains a higher proportion of blue than does 
3,200" K. tungsten illumination and therefore Tungsten Type Ansco 
Color Film exposed outdoors in sunlight has a bluish appearance. 
However, by using a conversion filter, it is possible to absorb the excess 
blue light so thit sunlight becomes approximately equivalent photo- 
graphically to 3,200" K. illumination and in this way Ansco Color 
Film, Tungsten Type, can be successfully exposed by sunlight. 

'n an analogous way, a conversion filler can be used to alter the 
ates 9F 3,200" K. illumination so that it approximates the effect of 
sunlight, 


3. The Colour Compensating Series of filters is intended to be used for 
minor alterations in colour balance. For example, in photomicrography 
with Ansco Color Film, the standard microscope light source may not 
yield transparencies of the desired colour balance. Under these circum- 
Stances, colour compensating filters can be inserted in the optical 
system to adjust the colour quality of the light source so that a balance 
is obtained, 
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‘The chief applications of colour compensating filters are in making 
colour prints on Ansco Color Film, Types 732 and 132, Their usc in this 
‘way is discussed in the table which follows. 


‘Utrea-VioLeT SERIES 
‘Axsco Coton Fiuter Fon. 


Use. 
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uyst6 


uv.i7 


Ty Stght haze correction 
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ex ico Color oto 
5. In enc yaa aiden t reson er when expo 
Abaco Coir Fi types 192 on 132, (Nowe: UVAOP ier 
feplases the UV-Ih titer previously recommended.) 
1. or greater haze correction than i provided by the UV-16 filters. 


CONVERSION SeRrEs 
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Ue. 





No. 10 
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1, When exposing Tu ‘Ameo Color Fi . The 
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Ciloe Fat wouldsequce ude detent cone ons 


COLOUR CostransaTina SextEs 
Anseo Coton Fitter Fou, 


Use, 
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1/6 lens stop exposure increase is necessary. ‘The 24, 34 and 44 
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Partiat PROCESSING OF ANSCO CoLOR FiLMt 

Inasmuch us Ansco Color Film, during processing, must be exposed 
to white light after the first development and the stop bath, itis evident 
that if processing cannot be completed at the time, it may be interrupted 
at this stage and finished later. If this is to be done, the film should be 
washed for at least 10 minutes in cold water and dried, 

Advantage may be taken of this fact when Working far from the 
studio or under highly unfavourable conditions. In its semi-processed 
state, the film is less susceptible to deterioration and damage than un- 
processed film. It may be exposed to ordinary room light without harm. 
In addition, it can be stored for appreciable periods without change in 
colour quality or degree of exposure. On the other hand, exposed but 
Unprocessed colour film may show noticeable loss of the litent image as 
well as marked shifis in colour balance on prolonged storage. 

Explorers, magazine correspondents, and others who are unable to 
carry complete processing equipment and supplies, may arrange to do 
‘only the first development and the stop bath en route, following which 
the films are returned to headquarters for completion, with the know- 
Jedge that the films will not deteriorate during shipment through tropical 
zones, In addition, since the partially processed films have a visible 
hegative image, they may be examined by censors, customs officials, 
etc,, before completion, 

The remaining steps cither may be carried out by the photographer 
himself or the partially processed films may be returned to the Ansco 
Color Laboratory, Ansco, Binghamton, N.Y., for completion. 

WARNING: There is no satisfactory way of distinguishing partially 
Processed films from unprocessed films in total darkness. Any films 
received at Binghamton will be processed through the entire procediire 
unless the package is clearly marked to the effect that the films have 
been given first development. Films which have been given first 
development and are subsequently processed as ordinary exposed 
Ansco Color Film are irretrievably spoiled, For this reason, in returning 
semi-processed films to Binghamton for processing be sure to mark the 
Package clearly: "* First Deyeloped—Open in White Light," or if there 
is insufficient space on the package, simply mark it" Department K."” 

In carrying Ansco Color Film through only the first three steps of 
Processing, the same procedure should be followed as though the 
Processing were to be completed, with the exception that the rinse 
following the stop bath is extended toa wash of roughly 10 minutes’ 
duration, The temperature of the fitst developer should be carefully 
controlled and kept at 68° F. (20° C.), while the stop bath may be used 
at between 60° and 70” F. (16° to 21° C.). Agitation must be in accord- 
ance with instructions—differing amounts of agitation in the first and 
second developers may produce marked variations in colour, density, 
and equality of finished transparencies. The film can be exposed to 
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ofdinary artificial light at the completion of the stop-bath step and needs 
ly 0 be projected from het and ‘mechanical damage from this point 
onwa 

‘One danger involved is that of excessive swelling, reticulation, or 
frilling of the emulsion during the wast, Water which is too soft or too 
‘warm will give trouble, so that wherever possible hard water should be 
used, and in ariy case, the temperature should be kept below 70° F. 

In’ tropical climates, where the running water supply is generally 
warm, itis desirable to substitute washing in several changes of cooled 
‘water for the 10-minute wash in running water. Ten I-minute rinses 
With constant agitation, using fresh water for cach rinse, is ample. 

Following the wash, the film should be dried in the normal way, 
avoiding the application of excessive heat. After drying and during 
storage it should be protected against extremes of heat and humidity, 
as well as against mechanical damage and strong light such as daylight 
and direct sunlight, 
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‘The Bertrand Process (Paris) 
Camera,—Kodachrome 16-mm. is used for the original record. 
Printing —35-mm. separation negatives made by optical enlargement. 
Three successive printings are said to be made on one surface which has 
been successively sensitized with diazo direct printing-out dyes. 
Projection,—Norma}. 
Remurks.No record of prints having been exhibited publicly. 
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The No 
Herbert tens (No longer worked) 

Camera—The late P. D, Brewster, an American inventor who was 
one of the first to apply the bipack system to colour cinematography, 
had a number of patents to his credit covering various cameras and 
Printing machines. In E.P. 130,002 a camera is described for the pro- 
duction of two-colour films in which the usual arrangement is adopted 
of two gates at right angles to cach other, and a prism cube with 
cemented reflecting face half-silvered, and disposed at 45° to the axis 


Of the beam. In U.S.P. 1,752,477 the prism is replaced by a rotating 
mirror (Fig. 224), 





Pia, 224—Brewater's US.P. 1,752,477, 


to the fllm at right angles 
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In adopting this type of camera Brewster attempted to avoid the 
defects of bipack. All three negatives should be of maximum definition, 
‘The film shown on the occasion referred to above was free from halation 
and had good definition of distant detail. 

Printing. —Brewster employed double-coated positive film printed on 
‘one side with the red filter negative and on the other side with the 
green filter negative, The development of these was carried to 4 tow, 
‘arma, and exposure Was light. These two images were converted into 
silver iodide and dyed with basic dyes—a process originally invented 
by A. Traube (D.R.P. 187,289, 1905). ‘The side printed with the red 
filter negative was dye-toned subtractive primary cyan; the side printed 
with the green filter negative was dye-toned subtractive primary magenta. 
‘The remaining yellow component was printed on top of the dye-toned 
image by imbibition from a relief matrix film made jn the customary 
mariner by developing with a tanning developer such as pyro or pyro 
and adurol, The unhardened gelatine was dissolved away with hot 
‘water after development. Such a method was elaborate and must have 
been somewhat difficult to control both as to registration and colour 
balance, 

‘The following description appeared in 1935: 

The red and wreen negative records ure printed on wo two sides of a double-costed 
positive fm, The imager are leached out to invisible silver fodide images, and 
are toned with basic dyes to pink and blue. The pink side i then eoased with another 
‘inulon, whieh i exposed V0 the blue negative record and correspondingly tinted 
by a new process which i not being divulged unti further patents have been krante 
asic dyes are sald to pie an advantage over the acid dyes used by Technicolor. 


Remarks.—This printing system would not prove very practicable for 
commercial work, and it is difficult to see how such an elaborate 
processing sequence could have competed with ‘Technicolor. 
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USP. 1214990 <-. Milla, Hoyt, assigned 1916 
to Brewster Corp. 
EP4S067S | <- Brewster, PD. 1934 


‘See Brewster, P. D.,“ Three-Color Subtractive Cinematography," Journ, Sov: 
Mot. Pic. Eng., 16, No. | Gan. 1931), p. 49. 





Chimicolor 
‘French process developed by the Syndicat de la Cinématographe des Couleurs, 
formed in 1931. (F.P. 756,344, etc.) 

Classification. —Three-colour subtractive _ 

‘Camera—Beamsplitier, or successive frame R.G,B. negative on one 
film oF 35-mm, separation negatives optically extracted from 16-mm. 
reversal colour film such as Kodachrome or Agfacolor. The beam- 
splitter camera is shown in Figs. 226 and 227. 

Printing. Normal machines equipped with register pins. There is a 
special Debrie printer made for double-coated stock. 

Processing. —Developed to low gamma and density, Double-coated 
film dye-toned by mordanting. One side re-coated with gelatine. 
Sensitized with bichromate and exposed to a positive. Exposed and 
therefore insolubilized gelatine rejects dye. This is strictly in accordance 
with the technique of the PINATYPE process of Leon Didier (F.P. 
337,054—1903; U.S.P. 885,453—1908; E.P, 7,557—1905). The third 
Printing is hence produced by differential absorption of a dye applied 
to the re-coated surface. A protective varnish is applied to the finished 
product, 


General Remarks 


‘There is considerable interest in France in this process, the technique 
of which is based upon a combination of operations in no respect novel 
in the history of the art. What has been accomplished is largely the 
esult of a determined effort to make practicable operations which are 
uncontrollable without specialized equipment and apparatus. Work 
dates back to 1931, but in 1940 the Syndicat de la Cinématographe des 
‘Couleurs wanted to re-open its research laboratories in Paris but they did 
‘not get authorization from the Germans, who ordered them to close the 
laboratories. | Nevertheless, the Comité de lIndustrie- Cinémato- 
raphique and M. Ploquin persisted in supporting their research work 
and helped them as much as possible. But work was paralysed for lack 
of raw materials, but in spite of all the difficulties they succeeded in 
completing a well-equipped rescarch laboratory, which was very nearly 
Siscovered at the time of the Normandy invasion. Immense difficulties 
Were experienced with finance for these efforts since Paris appears to 
hhave had plenty of charlatans trying to raise money for all sorts of 
colour processes. The process seems to owe a lot to M. Thiengard whose 
‘enthusiasm carried the work on duting the occupation, and technically 
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to R. Valette who was a pupil of Leon Didier, the inventor of the 
Pinatype process, Didier wis an associate of the great Ducos du 
Huron, so that that process ean boast a sound ancestry, 

‘A prototype beam-splitier of the Technicolor type bas been com= 
pleted. So far no work has appeared except animated cartoons photo 
sraphed by the familiar successive R.G.B, frame method on one film 
(Fig. 226). 

Low-density silver prints are made on opposite sides of normal 
double-coated positive from the red and green separation negatives. 
Mordanting follows. ‘The mordant has not been divulged, The state- 
ment has merely been made in published descriptions that sensitometric 
control is of vital importance and this is quite understandable, Valette 
has provided dyes having particularly suitable absorption spectra and 
fastness to light, The nature of these is not revealed but they are pre- 
sumably variants of existing basic dyes, ‘The mordanted film is dyed on 
1 special machine which applies the dyes to the respective surfaces in 
succession, making use of capillarity principles (presumably by 
flotation). "The sound track is « cyan dye image. 

To obtain the thied yellow print Chimicolor is original in making 
Use of the principles of Pinaiype. The film is accordingly given on one 
side (probably the magenta-toned side) a coating of gelatine only.. This 
is sensitized with bichromate—probably a suitable mixture of potassium 
and ammonium bichromate. The printing is carried out with a positive 
made from the blue filter negative upon the senaitized gelatine employ- 
ing a very powerful source of ultra-violet such as a high-pressure 
compact source mercury discharge lamp (Fig. 228), Needless to say the 
Sensitization operation will require extremely sccurale control of 
humidity and temperature, An interesting point is that the dyes used 
for the first dye-toning operation tnust have unusually high fastness 10 
light for basic dyes to withstand the intense radiation of ultca-vilet to 
which they must be subjected inthe exposure of the bichromated 

yer. 

‘An interesting review of the process was given in La Cinématographle 
Francaise, No. 1176 (Oct. 1946), by A. P. Richard, from which the 
following schematic operational sequence is derived: 

: 3 primary records on the same film, 

1, As Direct photography {5 Primary records on 3 films, 
ikea additive films such as 
Dufaycotor, from multilayer 

B, Inditect. Separation of 3 records subtractive’ films such as 

Kodachrome, Agfacolor, Ge- 
\yacolor; etc, 

2, Sensitomettic characteristics are determined. 

3. Printing No, 1—Printing from 2 primary record negatives on 

double-coated film. 








413 


COLOUR CINEMATOGRAPHY 


4. Development i _Mordanting —~ Washing 








3. Sensitizit double-coated film —- Drying. 

6, Printing No, 2—3rd image (Fig. 229), 

7, Dycing—3rd image —- Washing — Dryin; 
230), 

8. Final Protective varnishing. 

British Tricolour 

{fhe process was taken over from British Tricolour Processes Lud. by Dufay: 

‘Chromex Lid ia 1948, See" Dulayehrome =) 

Dufaychrome 

(Mads by Dufay-Chromex Ltd, London, England.) 

Classification. —Three-colour subtractive printing process, 

Two- or three-colour print on non-sensitized emulsions containing 
substantive colour couplers, involving. resensitizing steps, separate 
Printing, and single processing. 

Camera— 

(2) Beam-Splitter (Fig. 232), Prism beam-splitter embodying a 
Prism block consisting of two 45° prisms cemented together to form 
‘cube, one of the 45° faces being coated with a partially reflecting surface 
of gold. The prism diverts part of the beam originating from the lens 
to a film gate at 90" to the lens axis, the balance of the beam passing 
through the prism to a gate in the normal position.! 

(6) Three-strip Negative Arrangement. Bi-pack records the diverted 
(tie. reflected) beam, (Blus and red records,) Single film records the 
direct beam. (Green record.) The bi-pack consists of a non-sensitized, 
hence blue-recording, front film, the emulsion surface of which is 
Coated with a red filter excluding green and blue light from the rear 
film which is coated with « highly red sensitive emulsion. 

The single film bears « green sensitive emulsion which is exposed 
behind'a minus blue (yellow) filter. This combination of films is known 
as Three-Strip,” and is supplied by Eastman Kodak to the special 
Tequirements of Dufaychrome. 

(©) Successive Frame Negative. Alternatively to the three-strip 
system, for static subject matter, separation negatives are recorded on i 
single film as successive sets in the order bluc, red, green. A disc 
carrying the filters rotates in gear with the camera drivo, each exposure 
being covered by a rotation of 120". Eustman Background X is generally 
used. Exposure is balanced to yield a density of 1-50 for the white 
step of a standard chart. The "' white step" density should not 
‘ary by more than plus or minus 0:10 between the three colour records. 
‘To achieve this the luminance of the exposing light ie adjusted or the 

! See Journ. Soe. Mot. Ple- Erg,, 50 use 1948), pp, 43-583: also Brtt. Journ. 
Pho, 6 (Stas 1939), pp, 216219, 
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exposure of one or other of the colour records reduced. Generally it 
is the red which must be reduced by some 75% and the green by some 
25-30%. This isaccomplished either with neutral filters of density 0-60 
and 0-15 for the red and green filters respectively, or the disc sectors can 
be masked proportionately. It is preferable to mask equally at either 
end of a sector rather than to mask at one end only. The filters used are 
‘Chromex 608 (Blue); 609 (Green); 657 (Red). 
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Fi6, 233.—Dufiychrome primaries and chromaticities of subtractive admixture, 


(a) “ Monopack."* It is feasible to use separation negatives derived 
from any reversal original colour film such as Kodachrome, Ansco 
Color, Agfacolor, Gevacolor. 

Printing —The blue-record negative of a separation set is printed onto 
& positive (non-colour-sensitized) emulsion layer containing an’ im- 
mobile yellow colour former. The latent image formed by the first 
printing operation is not immediately developed, but, instead, the film 
4s resensitized with positive emulsion —this time containing an immobile 
magenta coupler. The magenta-forming layer is printed behind the 
‘green-record negative, Neither of the two latent images so Tar formed is 
Yet developed, and the film is again sensitized with a positive emulsion— 
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this time containing an immobile cyan coupler. When the cyan layer 
hhas been printed from the red record negative, the pack is ready for & 
single colour development operation and the subsequent removal of 
the three resulting metallic silver images (E,P. 608,507), 

‘A sound track is added by coating the transparent track area with 
whatever type of positive emulsion may be required for the best sound 
quality. After exposure, the track is processed to a metallic silver image 
in.a normal manner, no. protection of the picture area being necessary. 

Projection —Normal, 

Processing-—Identical to Agfucolor positive, (See Agfacolor.) Namely, 
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Fim, 234—Dafaychrome Magenta, Spectral Transmission. 


developer, such as dicthyl-p-phenylene diamine hydrochloride, 
followed by washing, hardening, bleaching for removal of silver, fixing 
and washing. 

General Description-—This process presents a" set-up” very like 
Technicolor, namely, a beam-splitier camera of generally similar design: 
4 straightforward three-colour printing job by successive printings all 
on one side of the film base and all surface contact printed; and x 
norinal silver sound track. The credit for this remarkable achievement 
goes to Mr. Jack Coote, F.R.P.S., the well-known author of" Making 
Colour Prints."* For once we have a process: conceived and carried 
through to the Commercial stage by a man who before he began 
developing the process wus master of the general subject of colour 
photography; whereas most processes are misshapen and generally 
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illegitimate offspring of doubtful parentage, this time we know the 
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parent and had cause to expect furthermore the child to be gifted and 


exceptional. And so indeed it turned out to be. 


Coote always agreed with the writer entirely that the right and proper 
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first (recording) stage in a colour process is a good set of separation 
negatives. Coote has paid some attention to stripping integral tripucks, 
but soon found that to perfect « new product of this type would mean 
prolonged research, so that he decided to take the plunge and evolve 3 
beam-splitier. Considering that Technicolor have always done their 
best to. scare others away from this field, Coote was very brave to go 
through the gate and challenge the fearsome ereature within, In this 
trial of strength he has proven himself a worthy opponent and the 
champion must look to his laurels (Fig. 232), 

At the time of writing the commercial exploitation of this process is 
limited to Gt. Britain, but rapid developments are bound to occur. 
‘Studio tests have proven the camera to bean elficient instrument and the 
printing process yields a wide chromaticity range (Fig. 233). Table 62 
shows the position of the Dufaychrome subtractive primaries on the 
chromaticity diagram, Mluminant C. being used, and the additive 
primaries modulated by these. Figs. 234-6 give the spectral trans- 
mission of the Dufaychrome subtractive primaries. 


TABLE 62.—DUYAYCHROME SUBTRACTIVE PRIMARIES. 
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‘The Dunning Colour Process (1936) 


Camera—A beamsplitter was employed, the gates being side by 
side. “A. panchromatic negative and a bipack were exposed through 
graduated filters, which were adjustable in order to compensate for 
different lighting conditions—daylight,, incandescents, or arcs, No 
details were published, 

Printing Standard double-coated positive: stock was used, the 
‘magenta and cyan images on one side and the yellow on the othe, 

Remarks—The cyan printing negative was Obtained on a single film. 
The bipack recorded blue and green light. The magenta and blue- 
green images were obtained in a single layer of the double-coated 
positive. 
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‘The Gasparcolor Process 
(Gasparcolot tne., Hollywood, California.) 

(Classification. —Three-colour subtractive process. Integral layer type 
‘emulsions incorporating complete dyes to be bleached in neighbourhood 
‘of developed silver during processing. So far available only as positive 
printing film requiring black-and-white intermediate positives as 
Printers, Belongs to the category known as silver-dye-bleach processes. 

Introduction. —Gasparcolor was the first 35-mm, integral layer tripack 
film (known also as monopack and multilayer) to be used commercially, 
The credit for this historically important achievement belongs to Dr. 
Bola Gaspar, a Hungarian by birth, now resident in the United States. 
Gasparcolor antedates by at ledst a year both Kodachrome and Agia- 
color, from both of which it differs fundamentally in its classiti 
a dye-destruction process and not « dye-forming process. 

Tn 1934 Gasparcolor Ltd. was formed in Great Britain, and with 
Gasparcolor positive film stock coated by Gevaert of Belgium a large 
mimber of very beautiful release prints were made, The laboratory 
technique and genera! technical supervision were tunder the contro} of 
the writer. It is important to emphasize that these were the first eom- 
‘mercial monopack prints because this honour has been claimed else- 
Where. ‘They were furthermore the first of such prints to be processed. 
in a standard 3S-mm. automatic processing machine installed in a 
‘commercial film laboratsry. Similarly, they ean also claim to have been 
the first of such prints to carry 4 normal silver sound track record, 
whilst having a pure dye picture image. 

Indeed, it seems that Gaspar’s position as an outstanding pioneer 
deserves more recognition than it has already received. It has been 
entirely overlooked that in his U.S.P 2,071,688 (of. claim 15, page 
3, second column; last paragraph: see also E.P. 416,566, page 6, line 36) 
he disclosed the first colourless, water-soluble, non-diffusing, dye- 
forming substance with a convention date going back to December 9, 
1931, before 1LG, Farben had started their work on Agfacolor. 

During the Second World War Gaspar was domiciled in the U.S., cut 
‘off from the research taboratory he had organized in Brussels; this was 
looted by the Germans and a number of his scientific staff imprisoned or 
killed. Under adverse conditions he carried on his research in the U.S., 
where, receiving little encouragement from motion picture industry 
dominated by huge monopolies, he decided to devote himself to the 
solution of the problem of still colour prints. An admirable material 
Was manufactured for Government use dutring the war. It is probable 
‘that this still print material will shortly be generally available. 

History —K. Schinvel’s '* Katachromie " (Brit. Journ. Phot., 52, 
1905, p. 608) was almost certainly the first monopack to be fully de- 
scribed. A plate was to be coated with dyed emulsion layers. The top 
layer was to be dyed yellow and sensitive to bine light only, The middle 
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layer was to be dyed cyan and sensitized to red, while the magenta-dyed 
layer was to be placed at the lowest level and made sensitive to green. 
The negative after development was to be immersed in hydrogen 
peroxide, which, being decomposed by the developed silver, resulted in 
released oxygen which destroyed the dyes, After removal of the silver a 
positive image in full colour would remain, R. Neuhauss pointed out 
that it would in fact be next to impossible to prevent bleaching of the dye 
in the non-image areas (Phot. Rund., 19, 1905, p. 239), Whether work 
able or not, here is the first suggestion for coloured image making by 
catalytic. dye destruction. Christensen (U.S.P. 1,517,049 and E.P. 
133,034) tried to apply the dye-discharge methods used in textile print- 
ing. But such reducing agents as hydrosulphite or stannous chloride 
Would attack the dye in unwanted areas, and there could be no certainty 
that the dye would be destroyed only in the presence of finely divided 
silver (viz. at image points). Similarly, G. P. J. Schweitzer (E.1 
249,530) destroyed the dyes in the three layers by a bleach consisting 
sodium bromate and sulphuric acid, the silver acting upon the bromic 
acid to release naycent oxygen, which served to destroy the dye. 

Gaspar solved the problem by discovering a group of reagents which 
have the property of attacking the dye only in the presence of the silver. 
Friedman has pointed out that these, asa group, all contain labile hydro- 
‘gen, which can therefore form simple or complex silver salts, a condition 
that appears to be a requisite for the Gaspar dye-bleach solution, Thus 
thiourea, thiocarbamide, guanadine, thiodiglycolic acid, etc., are all 
mentioned in Gaspar patents. These reagents he calls “ indifferent 
solutions,"” namely indifferent to the dye save in the presence of silver, 
thereby eliminating the use of strong reducing or oxidizing agents 
‘which his precursors had required. Thus Gaspar lias achieved the only 
telinble method of producing dye images in a multilayer material other 
than by the methods originating in the work of Fischer based upon 
colour development or inclusion of colour-forming substances in the 
emulsion, as applied in Kodachrome and Agiacolor or Ansco Color. 
Gaspar’s method is historically more recent and is the only one per- 
‘mitting the use of complete dyes, among them a considerable number of 
textile dyes and practically all types of azo dyes. Thus Gaspar has the un- 
doubted advantage of obtaining colours of high saturation and great 
fasiness to light, in which properties the other processes are deficient. 
Gaspar claims the inestimable advantage that since the dye destruction is 
Proportionate to the original silver image, his colour image isa straight. 
line reproduction of the silver image. More recently Gaspar has dis- 
covered means of speeding up the action of the bleaching reagents by @ 
Considerable range of catalysts, 

‘Gaspar's patents cover a great many combinations whereby the layers 
may in part or wholly be uncoloured until the processing stage is reached. 
‘The colourless layers can be coloured diffusely as a stage of processing 
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and thereafter dye images produced by local dye destruction, The most 
promising of these methods proposes the use of azo dye-forming sub- 
stances, or azo couplers. These compounds would permit the use of 
normal high-speed negative emulsions, which can be developed by the 
usual technique to a fine-grain, low-gamma image, so that high speed 
and excellent latitude can be obtained. After development these silver 
images are transformed by straightforward processing steps into trans- 
parent dye images. 

In addition to the azo dye images, which’ have proved the most 
practicable, Gaspar has developed a number of other alternatives. He 
first conceived the principle, which has been developed by other in- 
ventors, of colouring all three layers in a multilayer material with one 
dye which was decolerized and subsequently processed to another 
colour in any given layer. U.S.P. 1,956,122 was granted in 1934, and 
EP. 369,660 was published in March 1932. The principle therein de~ 
scribed was put to good use in the carliest form of Kodachrome. Also 
methods have been described by Gaspar for the use of vat dyes in the 
form of colourless and very fast reduction compounds, the so-called 
leuco-esters, ‘These patents date back to 1930. Little was done to 
develop this field owing to control of these compounds by the German 
dye trust (namely, LG. Farben). 

‘Camera—It is essential to employ a camera equipped with pilot pin 
registration. Colour separation negatives obtained with the aid of 
beam-splitting optical systems can be used, as well as colour separations 
made from monopacks (such-as Kodachrome or Ansco Color), For 
cartoons it is usual to record the separations successively on one film, 
employing a ttle or trick camera equipped with a rotating disc carrying 
the red, green, and blue filters. From a negative so made every third 
frame is selected by an optical printer when making the positive 
intermediates from which the Gaspar positive is printed. 

Projection—Projection is normal, no change being required. 

Printing —Standard nitrate base for motion picture film is coated 
With three layers of emulsion containing dyes which can be bleached by 
the action of a suitable reagent in proportion to the quantity of de- 
veloped silver (Fig. 237). 

‘Whereas all the layers may be coated in superposition on to the 
same side of the support, Gasparcolor film is double-coated, two 
layers on one side, magenta on top and yellow beneath, the third 
eyan layer being on the other side. Each layer can be printed in- 
dependently of the other in the following manner: the magents layer is 
blue sensitive only, and itis printed with bluo filtered light; the under- 
lying yellow layer is sensitized to red light, but as it is dyed yellow little 
Or no blue light can penetrate this emulsion, so that when the upper 
‘magenta layer is printed with blue light the underlying layer is un- 
‘affected thereby. Next, the yellow layer is printed with red light, the 
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upper layer recording nothing. It should be noted that the upper layer 
being magenta it will be transparent to the red tight used for printing 
the yellow layer, while at the same time no green Tight ean penetrate it, 
its colour being minus green (magenta), which is opaque to green light, 
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Fic. 234-—Sinnultaneous printing of both sides of Gasparcolor tlm 


On the other side of the film the cyan layer is sensitive to blue light only, 
and being dyed blue it will be transparent to these rays, whereas the 
blue Hight will not affect the yellow layer lying on the other side of the 
film, and, as we haye remarked before, the yellow layer exclndes blue 
light. Thus it will be evident that the three layers can be independently 

printed with suitable three-colour negatives. 
“The printing operation is carried out on nornval contact siep-by-step 
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Printing machines, the only difference between colour printing and black- 
4and-white printing being that the film is printed three times with ap- 
Dropriate colour filters between the light-source and the film (Fig. 238). 
‘The speed of the respective emulsion layers is comparable to ordinary 
motion picture positive film. Printing cannot be carried out in red light, 
a faitly light green safe light being employed. 

As the ensuing processing sequence terminates in an image the reverse 
of the exposed and developed silver, it is necessary to print with positives 
The first stage in the process is to make a set of three master positives, 
with which, of course, any number of Gasparcotor prints can then be 
made. This stage of the process permits a Very accurate control of 
Contrast should some modification of the character of the original 
negatives be desirable. 

The printing complete, the film is now passed through the following 
baths: it is developed, washed, fixed, washed, subjected to local dye 
destruction by the action of acid thiourea (in this bath the dyes are 
destroyed in proportion to the presence of developed silver), washed, 
bleached (in this bath the metallic silver is transformed into silver 
Chloride in preparation for the total removal of the silver), At this 
Point the sound track (now silver chloride) is rapidly redeveloped, the 
developer being applied by « narrow whee! in such a manner that the 
sound track is alone redeveloped; then the film enters hypo, which 
Femoves all remaining traces of silver halide; finally, it is washed and 


Gried. If the sound track is not redeveloped a sound record will be 
obtained which isa pure dye image," 








GASPARCOLOR TIMETABLE FOR PROCESSING 
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Gasparcolor Processing 
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‘Time, 6 minutes 


Any Variation in the final colour gamma of the respective layers must 
‘be compensated by choice of such gummas in the master positives that 
the product of the respective gammas shall be identical. 
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UNITED STATES PATENTS ASSIGNED 10 CHROMOGEN 
INCORPORATED OR BELA GASPAR 
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F210 984-0839: 2308 cSt, 945 
2220,123-Nov. 5, 368.647 —Feh. 6 1945 
2221,792—Noy. 10, 1940 Bas) slot 3 ths 


SUBTRACTIVE PROCESSES 
‘THE PRINCIPAL ENGLISH PATENTS OF DR. BELA GASPAR 


354,167 44,305 

368,616 434.875, 503,330 
ae re ae 
‘395,718 AALS $06,385 
397,159 44,669 907,151 
97,170 445,806 507,152 
397,188 S999 $07,211 
ae a oh 

: 

406,294 448,161 $07,485 
408,991 450,685 510,884 
es De ies 
24 fe ie 
412,950 468,508 $17,480. 
413,688 468,509 517,599 
ae ae He 
415,756 472,981 518,477 
416,566 418,735 $19,790 
416,660, 480,854 $20,327, 
416,666, 483,366, $20,529 
se ou a8 
He oe ae 
418,368 485,552 $21,961 
A1B,S81 488,093 $22,190 
AL9,B1L0- 490,451 S261 
a Pe a 
a8 rail an 
428,196 496,558 529,279 
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The Splendicolor Process 

‘A three-colour subtractive process, Worked in 1928, 

Camura.—No published account. 

Printing. Cyan printing on one side by iron toning. The yellow and 
‘magenta were printed on the other side by ‘*dyed bichromate,"" Pro- 
sumably the surfuce was twice coated with gelatine, sensitized with 
bichromats, developed as a relief, and dyed; or the dysing may have 
‘been done by a process similar to Pinatype. 

Kodachrome! 
(Eastman Kodak Company, Rochester, N-Y.. U.S.A.) 

Classification —Integral layer (tripack) three-colour subtractive 
Process, 

Introduction, —First introduced in 1935, this was the earliest of the 
integral layer processes to become commercially available. The present 
material provides colour photographs possessing high transparency, 
splendid colour range, and faithful reproduction, In the form of &-mm. 


The dati in the description which folliws ts largely derived ftom the publications 
‘of Eastman Kodak, by whose courtesy iti included. re 
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and 16-mm, reversal film it has become deservedly popular all over the 
World. In the form of 16-mm. and 35-mm. film, Kodachrome is being 
employed increasingly as the original record for Technicolor 35-mm, 
Positive prints; 35-mm. separation negatives must first be made, and 
from these the 35-mm, positive matrix imbibition films are printed. 
Kodachrome film is also frequently employed in the U.S. us an original 
tecord from which black-and-white release prints can be made by the 
duplicate negative release positive print method in substandard labora 
tories, Release printing on 16-mm, Kodachrome stock is carried out 
‘on a large scale in the U.S,, the processing being completed at the 
Eastman laboratories. Processing of Kodachrome is reserved to the 
manufcturers, no detailed formulae having been released for publi 
tion. Projectors of special design are used to project 3 in. x: 
slides in Kodachrome for background projection in the U.S. 

Camera.—Normal, 

Projection,—Normal, 

Printing.—Normal, with suitable colour grading. 

Structure—Cellulose butyrate: safety-film base coated with three 
emulsion layers separated with gelatine interlayers. ‘The sensitizing of 
the emulsion layers is such as to give separation negatives recording 
spectral regions substantially identical to those obtained with standard 
tricolour Wratten filters. ‘The top emulsion is blue sensitive; below this 
is the first gelatine interlayer, a yellow filter to cut out further penetra- 
tion of blue light; the middle emulsion is green sensitized, the second 
interlayer is plain gelatine; the bottom emulsion is red sensitized and 
Without green sensitivity, The film base bears the usual antihalation 
backing. No colour couplers are incorporated in the Kodachrome 
‘emulsion tayers, the coupling agents being present with the developer, 
which yields dyes plus the developed silver (Fig. 239). 

Chemistry of Colour Coupling Developers—The general principle 
of colour development is that the dyestuffs forming images are produced 
by the effect of an oxidizing agent on a mixture of a suitable developing 
agent and coupler, and that the oxidizing agent may be the exposed 
silver bromide of 4 photographic emulsion, One molecule of dye is 
produced for every 4 atoms of reduced silver, 

{In some instances the developer may be the coupler, ‘This is known 
as * primary" colour development.’ In other cases this process is 
known as“ secondary “* colour development.* (1) 


| Peliwary Colour Development—This bs the type in which the oxidation product 

of a single ‘gent is (elf an insoluble dyestull which is deposited on the 

sts of the developed seria. il a 
‘Secondary Colow Development —Coloured images are obtained in the 

of « coupling developer and a colour coupler. In most ineances any ibeitaned 

‘ot unbubstituted pamino-aniline may be used at the developer. "The dyes thus 

(erived belong in the main to two classes, indoaniline (generally bie) or azomethine 
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Fig, 239,—Section, Kodachrome film, 
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As we have previously noted, Rudolf Fischer (2) in 1912 discovered 
that paraphenylene diamine in the presence of an oxidizing agent will 
combine with certain detivatives of phenol to yield dyes of the indo- 
Phenol or azine class, Cyan dyes are usually obtained by aromatic 
hydroxy-bodies, yellows by acetoacetic ester derivatives, and magentas 
by the use of heterocyclic rings such as pyrazolone or substituted aceto- 
nitriles. The oxidation arises from the exposed silver bromide. An 
enormous amount of work has been lavished on this branch of chemistry 
during the last ten years, and the known couplers and developers are 
now very numerous indeed. The fundamental reactions may be repre- 
‘sented thus: 


HH HH 
co peace 
unc’ “CNH, He CHO 
NORE see? 

‘ce ‘cc 





Reproduction of Colours in Projection—Diagram A (Fig. 240) 
shows how the film looks in cross-section after camera exposure 
and first development of the emulsion layers to negative images. 
Diagram B shows the appearance of the film after coupler development 
has been completed. In Diagram C the silver has been removed 
and white light from a projection lamp is transmitted through the film 
to @ screen, giving an image in the colours of the original subject. 
A compleie understanding of the manner in which screen images 
in colour are secured with Kodachrome can best be achieved by 
tracing the passage of light through the dye layers. It is suggested 
that the reader follow closely the right-hand side of the diagram while 
reading the following paragraph. 

‘White light (on the screen) is secured by the unobstructed passage 
of light from the projector lamp to the screen. Red light results when 
‘a ray of white light is filtered by successive layers of magenta and yellow 
dye, The magenta layer absorbs green, leaving only blue and red. 
‘The yellow layer in turn absorbs blue, leaving only red. To secure 
‘rreen light, the blue-green layer absorbs red, leaving green and blue, 
‘The yellow layer then absorbs blue, and green light passes to the 
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screen. For blue light, the blue-green layer again subtracts red, leaving 
blue and green, The magenta layer then absorbs the green, leaving 
only blue. Intermediate colours and mixtures are secured by partial 
absorptions at each layer. Heavy dye deposits in all three layers 
subtract light of all cotours, resulting in a black screen intuge, 
Processing. It was announced in December 1940 by Dr. Mees (3) 
that the Kodachrome processing procedure was no longer based upon 
the controlled diffusion principle, but had adopted the re-exposure of 
each layer separately permitting its individual colour: development. 
The sequence of operations might be that described in E.P. 519,419 
(Addition to 507,841), ‘The method may be described as differential, 
te-exposure by selective Inyer-sensitization, Retention of the original 
ted sensitizing during processing is nevessiry, and the front layer is 
sensitized to red during processing, the film being selectively sensitized 
and exposed to coloured light as part of the processing sequence, such 
that only one layer at a time is affected, ‘The steps are as follows: 











Sue. Description, 
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Loss of sensitivity in the first developer is restored by adding 
‘-naphthylamine to the p-phenylesediamine. Wandering is prevented by 
‘adding less than 1°S per cant. sodium or pot, perchlorate to the various 
bathe and wash water. 

substances which are capuble of preferential: ‘absorption to unexposed 
silver halide would displace the sensitizing dye and so developers must 
be free off such agents; further, the developer should have no solvent 
ction on the emulsions (notwithstanding the fact that silver solvent 
developers are usually employed for reversal), therefore sulphate musi 
be avoided und sodium formaldehyde sulphoxylate substituted. Also 
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emulsions must not have a high iodide-bromidé ratio as liberated 
soluble iodide during development desensitizes unexposed grains in the 
vicinity. A first developer may be: 


Metol 


Ree 310 10 em. 
Sodium formaldehyde siphowslate | 310 10.gm. 
‘Triethanolamine .- Ato 1s.am 
Sodium fe 010 Sem. 
Water ite 


In the Technicolor Patent E.P. 556,631, which deals with a protective 
lacquer for sound tracks, there is an interesting description which is suid 
to be typical of the procedure for developing Kodachrome (see Fig. 
WIA): 

* ‘The monopack film illustrated in Fig. | comprises the usual trans- 
parent backing “A and three layers of emulsion, comprising a red- 
sensitive layer R, a green-sensitive layer G, and a blue-sensitive layer B. 
While the respective layers may be exposed either successively or 
simultaneously to the different color aspects of the beam, a typical 
printing method comprises exposing the three layers simultaneously by 
Printing from another color developed film or other kind of color film, 
Either before or after the pictures are printed the sound track may be 
printed. After the sound track has been printed the sound track zone 
4s cavered with a coating C of lacquer or varnish which is opaque, 
flexible, hus good adhesive quality, is impervious to processing liquids, 
fast drying and easily redissolvable, After the sound track zone has been 
coated the gelatin throughout the picture zone may be hardened, Then 
the picture components in the three layers are simultaneously developed 
to silver and, if the layers have been exposed from the top, the developed 
records will appear in the upper steuta of the respective layers. In 
printing from a positive film these negative records would of course be 
negative components, 

“The first stage in the series of stages of color development consists 
in exposing the remainder of the light-sensitive silver salt in the lower 
stratum of the red-sensitive layer R. By effecting this exposure with 
red light from the bottom, only the red-sensitive layer Ris affected: 
‘and by excluding the red light from the sound track zone the red- 
sensitive layer is not affected throughout that zone, After the red- 
sensitive layer hus been flashed with red light the exposed silver salt in 
the lower stratum of the layer R is color developed in well-known 
‘manner to produce a cyan colored positive component in the layer R. 
‘The upper layer B is then flashed from the top with blue light, the light 
being excluded from the sound track by the aforesaid opaque coating C, 
after which the exposed silver salt in the lower stratum of the B layer is 
color developed 10 produce a yellow positive picture component, At 
this stage, no developable silver halide would remain in either of the 
layers B and R if the previous developing processes had been carried 

ar 





“ COLOUR CINEMATOGRAPRY 


(o completion. However, it has been found advantageous to use eysn 
and yellow developers which are too weak to carry the development to 
completion, After the cyan and yellow positive components have been 
developed as aforesaid it is therefore preferable to subject the film 10 a 
suitable black-and-white developer to convert the exposed silver halide 
remaining in layers B and R into silver. 

“The next step consists in color developing a magenta positive 
‘component in layer G. While this may be effected by first re-exposing 
the layer and then color developing the exposed silver halide, the 
magenta positive is preferably formed by adding & fogging agent to the 
magenta developer in well-known manner, thereby eliminating the step 
of re-exposing the G layer, 

“ After the three positive components have been color developed by 
the aforesaid reversal method the film is first bleached to convert all the 
reduced metallic silver into a compound which is soluble in the fixing 
solution that follows bleaching. The fixing solution also removes any 
unexposed silver halide remaining in the picture zone. ‘Inasmuch as the 
sound track zone is still covered by the aforesaid protective coating, the 
silver halide in the sound track zone is not removed in this fixing step. 

“ The next step consists in removing the protective covering C by 
dissolution of any lacquer of varnish solvent which does not affect the 
Picture zone. Inasmuch as the sound track zone is to be treated with 
‘aqueous solutions after the coating is removed and inasmuch as lacquer 
‘and varnish solvents are usually immiscible with water after the coating 
hhas been dissolved off the film is first washed with some fiquid such as 
isopropyl alcohol which is miscible both with the solvent and with 
water, after which the alcohol is removed in a bath of water. After the 
sound trick zone has been thoroughly washed the sound track is 
developed with an ordinary black-and-white developer. ‘The unexposed 
‘and unreduced silver halide is removed from the sound (rack zone 
With an ordinary fixing solution. Thereafter the processing is completed 
by washing and drying the film. 

~ Suitable compositions for the aforesaid coating and coating remover 
comprise: 


Coan 

‘Nitrocellulose (30-40 second) ~ 10 
Ester Gum ‘ 3 
Diburyt Phiatare | fees 
Butyl Acetate. 33 
Butyl Alcohol DB 
‘Amy! Acetate = 8 
Ethyl Alecho} ¢ ek 
Toluene Se 
Carbon Buck SE 2 
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Fig MIA—Technicolor Patent EP. $56,631. (See 9.431) 
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Butyl Actiata xs 20 
BuylAbowol =. ks 
Amyl Acetate Ast 
Ethyl Alcohol 10 
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In the old Kodachrome controlled diffusion technique all three layers 
were colour developed cyan after reversal and the top two bleached in 
{Quinone and potassium bromide, The bleached layers were redeveloped 
magenta and the top layer alone bleached. This was finally developed 
to yellow (Fig. 241). 

16mm. Kodachrome Duplicates—Duplicates are available from 
cither 16-mm. silent or sound Kodachrome. Orders for silent duplicates 
Fequire no special preparation by the user. In, the case of 16-mm. 
Kodachrome duplicates the sound record submitted to the manufic. 
turers for printing must be either a 35-mm, or a 16-mm, matched 
positive print of high quality, When a sound track is sent in for 
duplicating, the proper starting point on both the sound track film and 
the 16mm. Kodachrome original should be indicated clearly and 
accurately to assure synchronization. 

“Titling and Copying Service in 16-mm. Kodachrome, Copyihiy 
Service —Pictures, drawings, maps, etc,, from 1} x24 to 11x 14 
in. ean be copied and supplied by the makers on 16-mm. Kodachrome, 

Titles.—Supplied with a red background and a black-and-yellow 
border. The order should specify whether the titles are for use with 
fan original or duplicate, ‘These services are available only from 
Rochester, N.Y. 

Kodachrome ‘Types.—Kodachrome is supplied for substandard 
motion pictures in two types? 

Kodachrome Film, Daylight Type \ #-mm. and {6-mm. motion 

Kodachrome Film, Type A } picture film. 

‘The cotour balance of the Daylight Type is adjusted to give the best 
rendition of the subject in bright sunlight on a clear day—that is, 4 
illumination which is the equivalent of noon sunlight plus skylight, 
the colourtemperatuire of which is approximately 6,100° K- 

Kodachrome Type A is colour balanced for use with a Photoflood 
Lamp having an approximate colour-temperature of 3,400" K. 

Storage after Exposure before Processing under ‘Tropical Conditions. 
—Whien tropical packages are apened the film soon comes into moisture 
equilibrium with the air. If left in the eamera under humid conditions, 
it may deteriorate rapidly. ‘Therefore the packages should not be 
opened until necessary, and the film should then be exposed and sent 
for processing as quickly as possible. If subjected to humid air, the 
film must be resealed in tropical packing unless it is first dried. 
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If several days or weeks are to elapse before processing, the film shoul 
be dried, resealed in the original package, and kept as cool as possible. 
Drying can be accomplished by placing the film ina sealed can to- 
gether with a desiccating agent such as silica gel, rice dried by browning 
inan oven, or dried tea leaves. The drying agent should be separated 
from the film by a porous partition. Two Daveo Silica Gel Air Dryers 
(the Davison Chemical Corporation, Baltimore, 3, Maryland, U,S.A.), 
4 o7. of silica gel, or two 2 Ib. of dried rice or tea leaves, will dry 
ten 100-ft, rolls of 16mm, Kodachrome film, 


Filters 


Kodachrome Haze Filter (Wratten No. 1)—Absorbs ultra-violet 
radiation of shorter wavelength than 380. my. Used with 
Daylight Type film for distant mountain views, bigh-altitu. 
aerial shots, exteriors under an overcast sky or in shade illumi- 
nated by blue sky. No exposure increase required. 

‘Wratten No. 2A.—For still warmer colour rendering. No exposure 
increase required, 

Wratten No. 83.—For usc of Kodachrome Type A in daylight, 
The practice is not recommended by Kodak, For scenic shots 
taken iat high altitudes. under hazy conditions, Type A film 
with Wratten A Filter gives somewhat better rendition of colour 
and distant objects than Kodachrome Daylight Type even with 
Uhe haze filter, This filter absorbs ultra-violet. 

‘Wratten No, 80.—For exposure of Kodachrome Daylight Type by 
Photoflood illumination, Requires four times the exposure 
of Type A with Photoflood. Colour rendition not so good, 

Kodak Pola-Screens.—Polaroid filters are used to darken blue 
skies and to subdue non-metallic reflections. One stop greater 
than normal exposure required. 


Lighting. 


Lamps—For use with Type A, Mazda Photoflood Lamps Nos. 
1, 2, and R-2 are recommended, 
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Kodachrome a$ Original Material for Black-and-White Prints,—Koda- 
chrome is increasingly used in the U.S.as an original record material 
to be used in proference 10 black-and-white 16mm. negative. It has 
appreciably lower contrast than any fine-grain reversal film, although 
from a production point of view its slower speed is unfortunate, 


Original for making Fine-Grain 16-mm. Release Prints.—This practice 
is common in the U.S, W. H. Offenhauser (4) has stated that for the 
intermediate panchromatic fine-grain dupe negative Eastman, stock 
5203 is usually employed. The resolving power of this film is 110 
Hines per’ mm. in an SD-21 developer at a 1b control gamma of 
0/65 (development 6 minutes). In printing on fine-grain Eastman 
Positive 3302 a filter is used to limit the exposing light to wavelengths 
Shorter than 5,000 A. This helps to reduce contrast and improve 
definition and grain, 

The print timing turns out to be identical to that when making a 
Kodachrome duplicate. 

Kodachrome Resolving Power.—Kodachrome has a resolving power 
of 75 lines per mm. 

Sound and Kodachrome Emulsion Position —The standard position 
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in a 16mm, projector is for the emulsion to face the screen. Most 
16mm, combined Kodachrome duplicates have the non-standard 
emulsion position—namely, the emulsion fuces the light-source, When 
projecting Kodachrome duplicates itis necessary to re-focus the picture. 
Thus the sound optics should also be re-focused. Only a few projectors 
possess means for accomplishing this. This situation occurs ony in 
the case of contact printing. 

Kodachrome Sound Track.—It is feasible to print excellent Kods- 
chrome sound duplicates at the same time as black-and-white prints are 
being made, since Kodachrome sound duplicates are made from the 
original and a positive black-and-white sound track, while the black= 
‘and-Wwhite prints are made from a black-and-white duplicate negative 
of the picture and from the original negative sound track, 

Printing 16-mm, Kodachrome Duplicates (Release | Printing)— 
Printers used are generally step-contact type having the movement 
claw within a frame or two of the aperture. Light-changing is effected 
through notches in the original, A flat gate is used to avoid slip, 
Which may be serious with a curved gate. Optical sound printing is 
preferred. A test duplicate is shipped to the Eastman Kodak Company: 
at Rochester and prints are not authorized until after the test print 
has been inspected and corrections made (5), The timing strip used for 
printing Kodachrome duplicates can be used for making a black-and- 
white duplicate negative. 

During the war excellent Kodachrome 16-mm. prints were made 
in England by optical reduction from 3S-mm. Dufayeolor master 
prints made from the original 3$-mm. Dufaycolor negative, 


Colour Grading of Kodachrome Prints 


‘The problem of testing for scene-to-scene colour balance and density 
has boen solved in the U.S.A. by a new printer developed by the 
‘Acme Film Laboratories Inc. (Fig. 242). It was specified that each 
filter combination must be rendered in a series of densities. The com- 
plete strip provided by this apparatus is $5 frames in length; each filter 
pack being kept unchanged for eleven steps of density, each of 2 printer 
lights, The completed strip consists therefore of 5 filter combinations, 
each in 11 densities. 

"The exposure aperture is divided into 5 sections with provision for 
bringing the filter combinations, or packs, into the path of the light. 
To maintain tmiformity of exposure over the whole strip the exposure 
aperture and the film transport mechanism is made spherical in shape 
with the top segment permitting free light passage from a centrally 
positioned iamp. Each of the 5 sections of the exposure aperture is 
partitioned into 11 sub-sections having the dimensions of @ 16-mm. 
frame and each with its exposing light controlled by a rotating shutter. 
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j¥ith this apparatus deviations in the colour balance oF speed of 
different emulsion batches can be detected and corrective measures 
taken; day by day variations of processing conditions can be noted and 
adjustments made, 
































Color Tester for 16mm. Kedschrame Duplicates,'* 
7 Vol. 28, 6 (Aug. 1947), 9. 278, . 


SUBTKACTIVE PROCESSES 
‘Tentative Instructions for making 16mm, Kodachrome Duplicates 
‘on Kodachrome Duplicating Film Code 5265 
1, Picture Printing 

‘A. General Instructions 
Kodachrome Duplicating Film Code 5265 will produce high- 
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Fro. 2434.— Transmittance wavelength characterisca of unexposed and developed 
Kothchrne. Not SEK Sa6$ Duplicating, No. 6—ER 3204 Type A. 
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quality duplicates from 16-mm, Kodachrome originals when the 
‘inting conditions ure properly s¢lected, controlled, and balanced. 
ith-quality printing equipment is necessary to produce a steady, 
high-definition picture, Both continuous and intermittent printers 
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have been found satisfactory. The voltage supplied to the printing 
lamp must be closely controlled to avoid density and colour balance 
fluctuation and drift. If duplicates are to be timed, a light change 
that involves voltage changes cannot be used, as voltage changes on 
the printer lamp produce changes in colour balance in addition 10 
change in density (Fig. 243C). 

The lamp used for printing should produce sufficient light at the 
‘aperture at a colour-temperature of approximately 2,900° K. The 
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Fig. 2430.—Spectral transqnissions of Eastman minus-green (magenta) compensating 
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specified below under the heading "* Determination of Approximate 
Exposure."" A level above the minimum is desirable, particularly if 
timing is to be accomplished, and this extra light can be reduced either 
by the mechanical timing equipment or by neutral densities, 

To serve as an example, « particular light-source and filter set-up 
are as follows: 

1. Light-Source—A 7-S-amp., 10-volt Photo-Cell. Exciter Lamp, 
Operating at a colour-temperature of approximately 2,900" K. (ob- 
tained at about 6-6 amp,). 
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Pio, 243K-—Trammitance-wavelengity characteristics of Bastin minui-blue 
(yellow) compensating filters, CC-23—CC-24-CO-2, 





2. Filters — 
One Wratten No, 2A Filter (gelatine), 
Two heat-absorbing Aklo Glisses, each 3.2 mm. thick, 
One Eastman Colour-Compensating Filter CC-45 (gelatine), 
One Eastman Colour-Compensating Filter CC-44 (gelatine), 
One Eastman Colour-Compensuting Filter CC-34 (gelatine). 

(These filters are available from the Eastman Kodak Company.) 

It stiould be noted thut the light-souree’and filter combination 
Specified above is given only to illustrate a combination that has 
given sutisfactory results, Owing to variations in ‘optical systems 
(even in printers of the same make), the above filter combination 
may have to be changed to fit the individual requirements, To intro- 
duce further corrections the following Eastman Colour-Compensating 
Filters will be found useful: CC-23, CC-24, CC-25, CC-33, CC-34, 
€C-35, CC-44, CC-43, CC-45, (See Figs. 243D-F) 
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‘The table below gives the colour densities of all these filters and a 
neutral density value to be used for simultancous exposure correction. 
‘At will be noted that the neutral density value of a filter is given as 
‘one-third of the colour value, This is not specific, but is included as 
& guide for correction of exposure, 

3. Filter Factors.— 


Filter No. Colour Density. Nest ecto, 

COB 06 (ims he) 002 
Chew ORO) Boe 
con om Sf) oor 
con 8 ious ea) oor 
ECM Magtita ee O04 
eas Bel ceca bor 
CCB. = 006 ims red) oor 
CH ORS} O04 
cca oat > 5) oor 

2 pieces Alo or Calorex 0:16 minus red) 010 
“Gina 32 wm ech 


Gelatine filters should be tested and replaced at regular intervals 
to prevent colour changes caused by fading. 

4. Aklo Glass.—Aklo Glass is an American product. A similar 
{ype of material made in Great Britain is Chance’s ON 20, and this is 
equally suitable. 

Aklo Glass is an infra-red (heat) absorbing glass. As a result the 
temiperature of the glass will rise during operation unless free air 
circulation of an air stream is provided. The glass can be placed at 
ny point between the light-source and the colour-compensating 
gelatine filters used for colour-temperature correction, It is preferable 
to have the gelatine filters as far beyond the Aklo Glass us possible 
in the light system. In this way the rise in temperature of the Aklo 
Ginss will not be transmitted to the filters. 


B. Instructions for serting up a New Printer not previously balanced 
for Kodachrome Emulsion Code 5265. 
1. Determination of Approximate Exposure.— 
(@) Bring printer lamp to proper colour-temperature and add 
colourcompensating, ites as outlined sbove under 
Filters. 
(®) Place additional neutral density filter or filters in the ex- 
posing beam. These are removed for exposure of the film 
to be duplicated, as explained later. 
(}) Use 1-20 neutral density for 5301 emulsion. 
(2) Use 0-70 neutral density for 7302 emulsion, 
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(© Expose a short length of Eastman Ciné Positive Film (Code 
5301 or 7302) in the printer directly (o filtered printing light 
With the exposure time the same as intended for duplicating 
printing. 

() 5301 Emulsion (Ordinary 16-mm. Positive)—Develop 

. strip of the exposed $301 film in fresh D-76 
developer at 68° F. for 7 minutes to a gamma of 
1°2, fix, wash, and dry. The density of this strip should 
be 0:55-40:15 to give properly exposed Kodachrome 
duplicates on 5265 for normal ofiginals. If a higher 
density than 0-55 is obtained on the first test, neutral 
density in excess of the 12 originally used should be 
added, or the mechanical light-modulating control should 
be changed until the 0:55 density on the test strip is 
obtained, If a density lower than 05S is obtained 

(with 1-2 neutral density in the printer), then the intensity 

‘of the light-source should be increased (either. by the 

removal of neutral density, which is there in addition to 

the 1-2, by manipulation of the mechanical light control, 
or by the use of a higher-wattage lamp, if necessary) 
uuntil 0:55 density on the test strip is obtained, 

7302 Emulsion (16-mm. Fine-Grain Release Positive) — 

Develop a 6.in. strip of the exposed 7302 film in fresh 

'1D-76 developer at 68° F. for 7 minutes to 4 gamma 

of 1-80, fix, wash, and dry, The density of this strip 

should ‘be 0-55-4015 to give properly exposed Koda- 
chrome duplicates on 5265 emulsion for normal originals. 

The intensity of the light-source should be lowered or 

increased, if necessary, to obtain this density in the 

‘same manner as explained above for the $301 emulsion, 











2. Tests for Colour Balance anit Exposure—At the exposure level 
used to obtain the density of 0:50:15 on Code $301, remove the 
1-20 neutral density (0-70 neutral density for Code 7302) from the beam 
and expose a series of colour and exposure variations on Code 5265 
film, using a normally exposed original for duplicating, 

A suggested set of colour variations is as follows: 


(a) Filter combination and expasute as above. 
(b) Condition (a)—CC-45. 

(c) Condition (a}—CC-45. 

(@) Condition (a)—CC-34. 

(e) Condition (a)—CC-34, 

(f) Condition (a)—CC-44—CC-34., 

(g) Condition (a)—CC-44—CC-24, 
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‘The test should then be sent in for processing. 

3, Determination of Printing Conditions for Final Correct Colour 
Balance and Exposure—When the processed test has been returned, 
it should be compared to the original, and the variation which most 
nearly matches the original should be chosen. If this is still not exactly 
correct for colour, it should be corrected on another test as follows: 








ColyurTen Method ef Correction. 
4, Too wren Iocrese mins green 
Sieh Decne mines geen and mina red, or fn 
bd SS Bete mies oo 
ines pes and mina edt pia or 
4 Too magenta... Dien ins gen Fad minus rel and minus 
4 Too boe-green Decree mins red 
Too yew", 1 Incase minus red and minus green 


This procedure is intended for properly exposed originals only and 
should give reasonably close results with a few tests. 


UI. Sound Printing 
‘A. General Instructions 


Both variable density and yariable area sound tracks can be printed 
on 16-mm. Kodachrome either by contact printing 1-1 optical 
printing or by optical reduction printing from 35-mm. Jt is necessary 
to print from a ible black-and-white print rather than from the 
negative. It js also satisfactory to print from a direct playback type 
of positive—that is, a positive made directly in the recorder for such 
purpose. 

‘The printing machine used should have uniform motion and uniform 
‘aperture illumination, No particular filters are recommended, ordinary 
tungsten light being considered satisfactory. The amount of light 
required for printing sound on 5265 emulsion is approximately eight 
times the fight level used on the same printing equipment when ex- 
posing regular positive type 5301, assuming that the sound track 
printing positive has about the same density as the negative used for 
the 5301 work. 

The amount of light for printing the Kodachrome duplicating 
emulsion 5265 would be approximately twice that required for printing 
7302 emulsion. 

‘The correct printing level should be arrived at by sending printed 
samples of track in for processing. A listening test for quality and volume 
is satisfactory. 
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B. Control Densities and Gammas 

The control densities and gammas of the various black-and-white 
steps prior to the final Kodachrome print are important factors 
in the quality and freedom from distortion of the final result, The 
following data have been determined experimentally from a large 
run of tests, but it should be considered as a guide rather than a5 a 
definite basis for all work. Cross-modulation and intermodulation 
studies are recommended to establish sensitometric controls for any 
Particular set of conditions. 


Variance Dexsrry (TuNGsteN Exposure) 





Original Negative, Printing Positive. 





Fim | omitr. | Gammns| Flim | Dera, | Gamma 


peasy: || cous 
J. 
1387 | 040-055 | 035-050 | 1301, s301, | 070-075 | 





on 
1302, 7302 | 070-075 
5357 | 040-055 | 035-050 | 3301 | 070-075 








oF 
7302 | (070-075 Es 

















Oricinal Negative. 
Fim. | Denson | Gamma | 
iy | 1922 | 2205 
wav | ea | 2228 


| i 
Be | 2staast | 26-28 
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©, Direct Recorded Printing Positive Work 


The densities and gammas suggested as a guide for direct recorded 
printing positive work appear below: 


Variase Anza (UirRA-VioLEr Exposure) 
Pili Density, Gamma, 
3372 L2sr—14se 26-28 
* twohader 0-38 dey of ve ba 


Kodachrome 16-mm. as the Original Record for Technicolor 
35mm, Releases 


The following deseribes the procedure originated by Del Frazier, 
of the Warner Brothers Studios, for using camera equipment and 
Kodachrome film in the production of short subject features to be 
released is standard 35-mm, Technicolor prints. 

‘The Ciné-Kodak Special, equipped with 1S-mm., 25-nm., and $0-mm, 
fenses, has served every purpose required and has not been found 
Jacking in any respect. A large ficld professional viewfinder has 
been added to the left sido of the camera, giving more speed and 
accuracy of operation and eliminating horizontal parallax. 

‘A normal camera speed of 24 frames per second is used. when 
recording sound in synchronism with the photography. A speed 
of 32 frames per second is used for photographing sport action shots 
to be presented with narration, For slow motion or shots of prolonged 
interest, such as fast swimming, diving, and golf action, ete, a Bell & 
Howell’ Speed camera operating at 128 frames per second is used. 
A third camerm is carried as a cover for action while reloading maga~ 
vines—an Eastman Model K eamera with a {S-mm. fixed-focus. lens 
carried in & convenient side pocket. Precautions should. be taken. in 
selecting group cameris with regard to the relation between sprocket 
holes and. frame fines, which should be held to close tolerances so 
‘us to avoid frame shift when splicing and during subsequent projection: 

‘A sturdy tripod should be used whenever possible, but in. many 
instances work can be accomplished without one, giving more freedom 
of action. This is especially true in shots close to the ground or taken 
from tree-tops, or perhaps from s step-ladder. Scenes taken from 
fast-moving. cars or motor-boats can be completed in the length of 
time it would take to fasten down a bulky 35-mm. eaniera. But then 
‘again one must be very careful, always holding the camera firmly 
against the body and breathing very lightly. 

As in all other operations pertaining to the photography. of 16-mm. 
pictures, great attention must be given to exposure, for the reason 
that an under- or over-exposure shifts the colour of the scene. In 
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Addition, it is possible that a slight Joss in rendition might occur in 
the Technicolor print as compared to the original Kodachrome, 
but this is negligible inasmuch as an audience is not in a position to 
make a direct comparison. A Weston reading of 8 is used in most 
instances, but wherever there is a great percentage of deep colours, 
blue sky, or heavy shadows, a slight overexposure (Weston 6) gives 
more latitude in making separations. 

‘An important lesson learned is not to work with the 16mm. 
film immediately after processing. When the soft-surficed emulsion 
is enlarged to 35-mm. size and then enlarged further to the size of a 
theatre screen, all the scratches and finger marks become sadly obvious, 

‘The principal advantages of editing a 16-mm. film enlarged to 35-mm. 
black-and-white are, first, the original Kodachrome needs no handling 
other than that required in printing the 35-mm. negative and in cutting 
to match the 35-mm, black-and-white pilot print. Second, the editor 
can work much faster, and with the same confidence as in regular 
35-mm, production; the projection of his work can be seen in any 
available viewing room, To cut the original Kodachrome in the ortho- 
dox manner would entail endless splicing troubles, and the required 
handling of the film would ruin its Value for reproduction, 

The enlargement of the {6mm, Kodachrome to 35-mm. black- 
andewhite is accomplished in specially constructed optical printer 
in which Bell & Howell movement is modified to take the 16-mm 
film, and the aperture is opened on the edge-numbered side to include 
tho Tull edge figures. ‘The image is projected through « 3-in, copying 
Jens to the modified aperture of s Mitchell camera which gives « picture 
size of approximately 0-600 x 0°825 in., comparable (0 the sound- 
film projector aperture. The edge-numbers are approximately in the 
position of the normal sound-track, and, of course, are not projected, 
‘The Hanovia-type AH-4 mercury sodium lamp is used as a printing 
fight, and the 35-mm. negative is produced on Eastman Background 
X negative stock und developed to a gamma of 06, Subsequent 
prints are remarkably free from graininess and possess a very igh 
fidelity to the original Kodachrome pictures, having been mistaken, 
at times, for original black-and-white productions, 











Kodachrome Background Projection Slides for Professional 
3S-mm, Motion Picture Production 


According to B. H. Thompson (16), research engineer of Paramount 
Pictures Inc., Hollywood, the technique of transferring a Kodachrome 
image-carrying emulsion from the film to a lantern-plate is as follows: 

With the adoption of the high-intensity are system used in stere- 
fopticon machines in the motion picture industry for background pro- 
jection purposes, the use of straight Kodachrome was rendered im- 
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possible, It was also impracticable to use Kodachrome cemented 
1o 4 single piece of lantern-slide glass. As the demand for natural- 
colour, still-background transparency plates increased, an early solution 
to the problem was urgently needed. After an inspection of the plates 
‘exposed to the heat of the fight system in the stereopticon, it was 
found that the principal difficulty was being encountered not in the 
breakdown of the Kodachrome emulsion, but in the disintegration 
of the acetate butyrate film base, ‘The elimination of this plastic 
therefore was imperative. After lengthy research, including tests and 
varying processes, the following procedure was adopted as standard. 

Place a clean lantern-slide plate into position on a special plate 
holder. Next, place the Kodachrome, previously cut to size, emulsion 
side down, upon the lantern-slide and affix one edge of the Kodachrome 
to the plate holder with the use of transparent Scotch tape. Then fold 
the Kodachrome back, using the Scotch tape as & hinge, and with the 
use of a medicine dropper place a bead of previously prepared 5 per 
cent, water solution gelatine on the lantern-slide at the edge where 
the Kodachrome has been attached to the plate holder, Starting where 
cement has been applied, and with the use of either a squeegee or a 
roller, press the Kodachrome down upon the glass, maintaining a 
bead of cement at all times ms the lamination is completed over the 
‘entire plate area. No great pressure is required in this procedure, but a 
steady drag of the squeegee or the roller is necessary. Remove the 
lantern-slide glass from the plate holder and proceed to the second 
stop of the transfer, 

With the use of a weak solution of ammonia and water, dampen 
the gelutine backing of the Kodachrome and allow to stand for several 
minutes. Then with the uso of a razor blude scrape all the gelatine 
backing from the plastic. base. During this stage the film—that is, 
the acetate butyrate film base—may be damaged, but us this will be 
removed later it will not alfect the finished article. After all gelatine 
hhas been removed, place the lantern slide in a Petri dist partially filled 
‘with menthol cellusolve acetate, allow to stand for approximately 
4 minutes, remove, shake off the excess, and allow to stand for another 
30 minutes. 

With the aid of a razor blade under one corner, lift off the swollen 
Plastic, It will be found that the plastic his sufficient strength and. will 
separate from the emulsion readily. If the plastic film is too tender, 
allow it to stand until strength has returned, This will range from 
5 to 20minutes. After the base has been removed, take a small piece of 
cotton, well saturated with menthol collusoive acetate, and swab the 
Surface of the Kodachrome emulsion to remove all excess plastic. 
‘This may require five or six clean applications, or until the surface is 
perfectly smooth and glossy, The plate is then ready for use in the 
stereopticon. 
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‘Another way to remove the acetate butyrate film base, which was 
standard before the adoption of the menthol cellusolve acetate solvent, 
isby the use of acetone. The procedure up to the time of the immersion 
of the plate in menthol cellusolve acetate is the same, but at that 
point the plite is placed in a desiccator and allowed to stand for 
approximately 24 hours, or until the Kodachrome’ emulsion layer 
is dry. ‘The plate is then removed from the desiceator and placed in 2 
Petri dish containing acetone, and with the use of a camel's-hair brush 
the film base is dissolved by gentle agitation, Several applications of 
clean acetone are used to ensure the complete removal of the acetate 
butyrate plastic. No further treatment to the plateis required for its use. 


Currain EastMan Kopak Morritaver PATENTS 


EP.327714 EP. 454622, ELP, 496,196 
P.333.902 EP. 435,128 EP. 496,245. 
356208 EP.4S6.279 EP, 496,469 

316,838 

376.798 








EP. 498,800 
EP. 498,871 














EP. 462,140 498,874 

EP. 467.614 498,878 
468,560, EP 49,185, 

EP. 474,383 

Ep, 475,784 


HP.427;520 EP. 475.786. 
BP. 437,520 EP. ATS 
Ep. 40032 EP. 478933 
EP. 440089 EP. 478,94 
441325 BLP, 478,942 
EP. 478,983 
46.234 EP ATHORA, 
A46,752 EP. ATE OBS 
EP, 447,092 EP. 478,986 
ER AAT748 EP. 478,989 
Ep. 451699 EP. 478.990 
(33,23) EP. A7E.99 

ER 44498 EL. 489,185 
EP.4S44x9 EP. 493,592 








Brit. Sowa. Phot, 82(1938), p. 275. 

Jour. Sok. Mot. Pe. Eg. 35, Nov ¥ (uly 1939), p65, 

Kinemaropraph Weekly (London) (Aug. 1, 1935), p. 32. 

Journ, of Biooieal Assoc. 3 (une 1935), pp. 1826, 

‘International Phot. (May 1938), pp.16, 13,20. 

‘Maviemukers (Say 1933), pp. 197-220, 221, 

‘TULL, A.G.."* Notes on the Chemistry of Colour Development," Bri. own. Phot, 
5 (1938), pp. 627, 647. 

Pacim, R., and Stoxist, H.. "The Formation of Dyestuffs by Oxidation by’ 
‘Means of Exposed Silver Halide,” Phot, Karr. (1914), 9. 20, 

450 





SUBTRACTIVE PROCESSES 





(Aug. 1943), pp. 157-82. 
Monuan, E, K-,"" Duplication of Kodachrome Transparencies for Background, 
Projectors,” Journ. Soc- Mot. Pic. Ex... 43, No. 2 (Aug. 1944). 9-93. 
‘Tuousson, He,“ Kodachrome Transfer,” Journ. Soc. Mot, Pie, Ext, 43, No. 2 
(Aug. 1944), p95. 
Homouxa, B., Phot. Kor. (1907), pp. $5, 115. 
Brit. Journ. Phot. (1907), pp. 136, 19, 216. 


“The Kodachrome Process of 16-mm. Colour Kinematography,"” 
. (1936), p. 248, 
 Kodacolor,” Brit, Journ. of Phot. 79 (1942), p. 94. 

" Monopack Processes,” Journ. Soc. Mor. Pic. Erg. 42 (May 1944), 


271. 
History of Color Photography (1945), 108. 
Coor, JH, ** Karak Colour Photography,” Brit. Journ. Phot, (Nov. 3, 1944). 
pe 
‘Manas, L D,, and Gooowsxy, L, “The Kodachrome Process for Amateur 
ny cama Natural Colour,” Journ, Soe. Mot, Pie. Eng, 25 Uly 
p. 65. 





‘The Technicolor Process 
(Technicolor Motion Picture Corporation, U.S.A.; Technicolor ‘Limited, London, 
England.) 

Introduction.—Long after the colour film has been superseded by 
some wonderful electronic device the magic word Tecunicoton, Will 
survive. Novelists write of “* sunsets in gorgeous technicolor,” and 
fashion journals report a fout ensemble as“ gown in monochrome and 
hat in technicolor.”" Indeed Dr. Herbert Kalmus and his associates 
enriched the language on that day in Boston when they invented the 
great name, honouring theie alma mater the Massachusetts Institute of 
‘Technology, in so doing. To-day a colour film is a Technicolor film, as 
far as the press is concerned, no matter what the process may be. 

‘This famous process owes more to engineers than to chemists, secing 
that to work it successfully nothing new to photography bad to be made, 
all its elements were ready to hand, nothing new had to be invented 
that was not mechanical, or that was more than refinement upon existing 
practice. Its sponsors were faced with innumerable problems, some of 
great complexity, but in neatly every case precision engineering pro- 
‘vided the answer. Why was this? Because the film was printed not by 
the action of light upon a sensitive substance but by the mechanical 
transfer of dye from a matrix in relief—a truc type of printing. 

‘Dr. Kalmus and his co-workers, D. F, Comstock, W. A, Westcott, 
LT. Troland and others, began their adventure by succumbing to the 
xeductions of optics in the form of the additive process, but they very 
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soon realized their error and relegated their registering projection lens 
to the museum, where the devices of others who have trodden this 
primrose path also properly belong. At this stage they. must have 
considered many alternatives, They must have reviewed the whole 
history of colour photography and having made only one other fulse 
start, in which they attempted, with little success, to cement together a 
pair of dyed reliefs, they resuscitated the inventions of L. Warneke, who 
discovered the wash-off relief process (1881) and E, Edwards, an 
Englishman, who invented "* Hydrotype "” or ** Imbibition, printing ” 
(1875), and henceforward never diverged from the path they had 
chosen. How well they chose the next few years were destined to prove, 
Yet at that time (1927-28) imbibition can hardly have seemed promising 
‘When the microscopic dimensions of the cine frame are considered, for 
it must have seemed certain that there would be present the defect of 
lunsharp contours due to lateral diffusion or "* bleeding" of the dye, 
4 fault peculiar to imbibition which had invariably been experienced. 

Before describing in any detail the technique of this process it is 
helpful to analyse the complex of problems for which solutions had to 
be found, These may be classified thus:— 





(a) Means for obtaining accurately registered separation negatives, 
cither for two-colour or three-colour analysis. - 

(6) Means for making positive relief matrices from the separation 
negatives, 

(©) Discovery of suitable dyes for imbibition. 

(d) Means for mechanically registering a succession of matrix films 
to the filin destined to bear the combined dye-transfer images. 

(©) Means for printing a silver sound track including, if required, a 
silver key picture image. 

(f) Determination of chemical formule and optimum physical and 
chemical conditions. 


Technicolor is one, but one only, successful solution of this very 
complex problem, In the existing stite of knowledge other equally 
successful solutions could have been devised. Why Was this not 
tempted? The answer is that competing investigators were effectually 
seared away by rumours as t0 the magnitude of the task and the size of 
the inyestment necessary. Nobody dared to tackle the job again. Yet 
there was nothing to forbid others from sealing the’ same peak by 
linother route, However, once the original adventurers had got to the 
top of the mountain they remained in solitary possession. And there 
on the summit they still are, triumphantly in possession not of un- 
assailable patents, but of an equilly unassailable" know-how.”” 

The early essays in he aie proces Dad built up a baskaround 
of experience in the design of beam-splitters which predisposed these 
‘men to the adoption of a special camera in preference to bipack; at this 
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period only two-colour was under consideration. Once again their 
debt to early pioneers must be acknowledged since the system they 
adopted had been invented years before by an Englishman, J. W. 
Bennetto (1897). This inventor describes the present three-strip arrange 
ment, namely two films face to face in one focal plane and a single film 
in a focal plane at right angles provided by a reflector at 45° to the axis 
of the objective lens. The reflector is a prism block consisting of two 45° 
prisms cemented together to form a cube, one of the 45° faces being 
coated with a partially reflecting surface of metal (aluminium, gold, 
silver, etc.). 

‘Once imbibition had been chosen as the method of printing there 
‘were & number of alternatives. The technique of * Pinatype "” was well 
known, This invention of the Frenchman, Leon Didier, in 1903, had 
‘been developed by the Germans, and had been shown to be capable 
of making fairly good dyc-transfer prints (F.P. 337,054—1903, ete). 
It was always difficult to get clean whites because the master is not 9 
relief at all but a surface of gelatine varying in hardness, and the 
hardened areas took up the dyes which had an affinity for hardened 
gelatine and the unhardened areas were washed free of dye. Then there 
was the possibility of using bichromated gelatine, the exposed areas of 
which are hardened by the action of ultra-violet light, a relief being 
easily produced by exposing through the support and washing away the 
unhardened gelatine in warm water (as in the"* carbon "” process), But 
exposure is lengthy and requires powerful sources of ultra-violet light. 
Of the various alternatives, that invented by L. Warneke (1881) seemed 
{0 fulfil most of the requirements, in which advantage is taken of the 
tanning action of the developer pyro. Indeed the first Technicolor 
formule cited in the Trotand patent (E.P. 204,034) in 1922 differ 
negligibly from Warneke. Thereafter refinements seek retention of the 
thinnest steps of the relief, the preservation of detail and the control of 
contrast. From this period onwards surely much of the credit belongs 
to Eastman Kodak, who from the beginning made the matrix film for 
the Technicolor organization, The material closely resembled the 
Jos-Pé film which had been since 1916 popular in Germany for making 
Paper prints by the dye-transfer process, utilizing pyro-tanned wash-off 
Telief films made in accordance with the patents of G. Koppmann 
(D.RP. 309,193—1916, etc.). 

But the heart of the Technicolor ** set-up" lay not in these photo- 
graphic problems, which had been largely solved in advance, but in 
‘mastering the prodigious difficulty of bringing three reliefs successively 
into contact with the image-bearing film at identically the same point. 
‘And here we can appreciate the marvellous accuracy of film perforation 
‘ince only by means of these perforations could this form of printing 
have become possible. To Bell and Howell goes the credit for precision 
perforation. 

453 


COLOUR CINEMATOGRAPHY 


-tpoomy <> “a Aula a uO 7D “AGEN IHD LW 
PaaS ea rh Hannay Sv uae oe Stomngitad> Neszod 


SSAD0%d YOTORINHIAL IHL 











f Technicolor, as 


Massachusetts. Quite obviously this 
941 dealing with the imbibition 





oo 
aur pe “Todoyaxsp Ruaus-onkg | 


Jaino 
9a) aE any 940. PU 4 31, ot 
"ea 0} 93uj suoyurmtia) suf oo 
wl 1. SIATMPNUDE 5 18 
fount “ANE 





(GEREN OOG FLERE HONEA “T 
ALON PIPL 
NIDRIO 


The student should pay particular attention to’ the patents of the 


LB. Corporation of Cambridge, 
firm has played an important part in the history of 


witness key patents such as E.P, 487, 


machine. 






SUBTRACTIVE PROCESSES 


Technicolor is thus the famous descendant of 2 most respectable 
ancestry. The story of its birth and origin generally begins with the 
youthful partnership of three undergraduates of the Massachusetts 
Institute of Technology, Dr. Herbert Kalmus, Daniel Frost Comstock 
and W. A. Westcott. They gave us:— 

1. A beamsplitter camera. (Three-strip Negatives.) 

2. A gelatine wash-off relief. (Matrices.) 

3, Dye-transfer printing. (Imbibition.) 
But to give credit where credit is due, these three items were the te 
incarnation of ideas first conceived respectively by:— 

1. J..W. Bennetto, 1897. (First semi-dialyte camera.) 

2. L. Warneke, 1881. (Wash-off reliefs by tanning developer.) 

3. E. Edwards, |875. (Dye transfer printing or“ hydrotype."") 

‘These are the indubitable ancestors of Technicolor but at present they 


seem to occupy rather obscure niches in our motion-picture Hall of 
Fame. 


Brief History 
Founded by Kalmus, Comstock, and Westoott_ Consulting Engineers, Boston, 
Muss, USA, 





First Laboritory | A railway car, equipped with chemical laboratory, darkroom, 

191651917 fireproof safes, power plant und offices. Services included 
sensitizing, perforating, processing negative, conditioned 
iz, eumination of Bley and making controt measurements 
and tests 

First Production | * The Gulf Between " with Grace Darmond and Niles Welch, 
Ie was financed by Technicolor. 

Cantera ‘Single lens. Priam Divider. Pair of images of normal dimen- 
‘sions (viz, Silent frame). 

Projection Double aperture with fiters iserted. Adjustment of register 


‘with lass wedge. Special arc and projection optical 


sytem. 

Kalmus writes, I decided that such special attachments on 
the projector required an operator who was 2 cross 
between a college professor and an acrobat." 





1918 De. Leonand T. Trotand patented fundamental monopack 
aims. 

$919:192) Process attempted of cementing pairs of dyed gelatine reliefs 
‘Original beam-aplitter used for the negative records. 

1921 Pilot Plant built ia Brookline Avenvc, Boston. 
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193 


1928 


1926 


1928 


19m 


1932-1933 


1935-1936 


1936 


1937 
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‘Technicolor produced "* Toll! of the Sea** (Metro), Ins 
Ssulfisient laboratory capacity prevented prints from being 
delivered until following year. Price 27 cents a foot, 
Producers declared 8 cents limit, 


‘New plunt erected in Boston. Capacity 1,000,000 ft. monthly, 
‘Small laboratory unit founded in Hollywood: Paramount 
made ** Wanderers of the Wasteland." One hundred and 
seventy-five made at 15 cents pet foot. 


"The Black Pirate," being cemented pairs of relief films, 
trouble was experienced in projection (Cupping), 


Up to this date 2,500,000 had been spent. ‘Twelve two- 
reclers were sanctioned for production by Technicolor. 


“The imbibition process adopted 
‘Two-colour imbibition with silver track, Warner's produced 
first all-taking Technicolor picture * On With the Show.”” 


Hollywood plant capacity doubled. 


Contracts for 36 feature-length. Twelve million feet of 
‘neyative requiced nd 60,000,000 feet of positive. 

‘Technicalor appropriated 3,000,000 dollars for plant, equip» 
‘ment and research, 


Seow effets et of depreion. 1200 employees dropped Yo 


First three-step beanaplitter camera completed and. three- 
‘colour imbibition perfected. Walt Disney made" Flowers 
land Trees,’ the fie three-color production, Exclusive 
‘ree year contract signed with Disney, Basic price for 
prints $ cents per foot. Merian Cooper and John Hay 
‘Whitney financed “ 1x Cucaracha,” first three-component 
studio job. ‘Closing sequences made for “The House of 
Rothschild * and"* Kid Millions." 


* Becky Sharp" released hy Pioneer Pictures, Fist feature 
three-colour production. Wallet Wanger's "Trail of the 
Loneiome Pine” with exteriors followed. Plant now 
Iman 275000 fot of pit mcs 

» cling s 
with Rey Rennahan ps Director of Photography, Prom 
Sead ine oljwond pone ~~ 


‘Techuicolor Limited formed to build British laboratory. at 
‘West Drayton. By this date soine 23 cameras had been 
built, costing $25,000 each. 


Disney made his first exttoon feature, * Snow 
i are, White and the 











Fig, 244.—The Technicolor beamsplitter * 





Fao. M4A-—The ‘Technicolor beamsplitter theee-strip  camera—side views 
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1939 Further laboratory extensions opened in Hollywood. 


1942 Manopack (Kodachrome modified) used for first time for the 
‘exteriors only ina mujor studio prodaction, M.G.M.'s 
“Lassie Come Home.” 


1944 “Monopack first used for a full feanure ia 20th Century-Fox 
1946 ‘Technicolor delivered 165,027,297 feet of positive print, 
‘covering 33 American and 5 British features in addition 10 

| larpe numbers of short subjects 

1949 | 1,000,000 feet processed per day. 





Classification.—Subteactive process. Two- ot three-colour dye- 
transfer printing by successive imbibitions from wash-off gelatine relief 
matrices, Registration effected by travelling pin-belt. Film base is 
coated on one side with a positive emulsion which is used for printing 
the sound track, pictore key, and frame surrounds. The dyes are 
transferred subsequent to the completion of the silver print. 

Camera—Beam-splitier incorporating 4 prism block consisting of 
two 45" prisms cemented together to form a cube, one of the 45° faces 
being coated with a partially reflecting surface of gold, The prism diverts 
part of the beam originating from the fens to a gate at 90° to the lens 
‘axis, the balance of the beam passing through the prisin to a gate in the 
normal position (E.P. 398,339, E.P. 492,673) (Fig. 244A). 

(@) Theee-strip Film Arrangement.—Bipack records the diverted beant. 
Single film records the direct beam. ‘The bipack consists of a blue- 
recording ftont film, the emulsion surface of which is coated with 
red filter excluding green and blue light from the rear film, which being 
conted with « red sensitive emulsion records red light only. The single 
film bears a green sensitive emulsion. This bipack and single film, 
known as‘ Three-Sirip "is manufactured by Eastman Kodak. 

(#) Successive Frame Negative—Alternatively to the three-trip sys- 
tem, separation negatives may be recorded on « single film in the form of 
successive sets of blue, red, and green filter records. Since each projec- 
tion positive frame requires three successively exposed ncgatives, time 
nd space parallax must prohibit the photography by this method of 
moving subject matter. The method is therefore employed for the 
photography of still subject matter such as animated drawings, titles, 
‘or trick films of any description. 

(0) Monopack.”"—Use is also made of a multilayer colour film made 
by Eastman Kodak, which is probably very similar, if not identical, to 

From this positive colour film (see Kodachrome) either 
16-mm. or 35mm, separation negatives are extracted by optical 
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printing technique. From these separation negatives positive printing 
relief matrices can be printed by a suitable skipping optical printer." 

Projection—Normal. Sound Track.—Normal, silver. 

Technicolor Lenses—These were fully described by H. W. Lee, 
formerly of Taylor, Taylor & Hobson Ltd, in Nature, by the kind 
permission of the editor of which the following section is reprinted. 

In colour photography it is necessary to analyse the light reflected 
by coloured objects into at least three spectral regions which, where 
there are three only, may be termed red, green, and blue respectively. 
This is done by means of colour filters which transmit definite portions 
Of the spectrum and absorb the rest; the three negatives are produced 
either successively or simultaneously. In cinematography the negatives 
must, of course, be made simultaneously unless the rate of movement 
of the film is increased threefold, to which there are grave objections. 
The three negatives may be made simultaneously by mens of three 
Jenses; this results in colour parallax, and the three images will never 
exactly superpose. Alternatively, the beam of light issuing from a 
single objective must be divided. This division may be made by means 
of superposed filters, the components of white light being successively 
subtracted and acting on sensitized films superposed.. The objections 
to this are that the films and filters must be very thin if the composite 
tripack and filter film is not to be too thick, and that each layer 
of emulsion produces a certain amount of scattering, so that the suc~ 
cessive images are more and more diffused. Other methods of dividing 
the beam are by successive reflections from thin, partly reflecting and 
partly transmitting films, which may be either isolated films of collodion 
or films of silver on ghtss surfaces. The silver may be in the form of 
totally reflecting films partly covering the surfaces on which they are 
deposited, a method not without objection, since the arcas of film must 
te small if there is not to be differentiation between different parts of 
the light beams; alternatively, the silver films may be so thin as both to 
reflect and transmit, ‘The Technicolor process is, optically speaking, 
4 combination of two processes suggested above. One semi-reflecting 
metallic film on the diagonal plane of a glass cube is combined with a 
bipack, to which the objections of the tripack do not altogether apply, 
as the two sensitive films can be placed in contact. 

‘The glass cube placed between the lens and the film has considerable 
thickness (being approximately equal to the size of field covered) 
and therefore prodiices, considerable aberration. This fact was'not 
sufficiently realized by early experimenters in colour photography, who 
tried to combine prism ‘* beam-splitters " with normal lenses on the 
market, which, of course, had not been computed for use with con- 
siderable thicknesses of glass, The result was poor definition and images 

* ty 193 De, Katows suid: “1 predict that within two years Technicolor will 
have done away with special cameras” Yet a numberof new beamsplitter carmcras 
siz incur fenton 0) 
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of unequal sizes. Technicolor, however, early realized the necessity 
for taking the prism into account in the design of the lens system, and 
in 1918 D, F. Comstock took out patent (B.P. 131,422) for several 
constructions, having apertures up to //3°9, for lens systems combined 
with prisms, ‘In 1927, however, their prism system was simplified and 
the need felt for the lenses of larger aperture, owing to the change in 
cinema technique from outdoor to studio photography. ‘Technicolor 
approached Taylor, Taylor & Hobson Lid., who were making lenses 
having an aperture of f[2, and asked them to design a special lens 
for their needs. This was for two-colour work. With the change to 
three-colour work in 1931, a further change was needed, and, more- 
‘over, the matter of colour correction became more stringent. 

It is possible to equalize the focusing position and the focal lengths 
for two parts of the spectrum which would, in practice, be the" centres 
‘of gravity ** of the spectrum bands passed by the two filters used, 
but when three colours are in question there is the difficulty that the 
third colour must necessarily be out of focus owing to the so-called 
“secondary spectrum.”* This secondary spectrum can be reduced in 
certain optical systems such as telescopic objectives and photographic 
{enses of small aperture by the aid of special glasses; but the dispersive 
power of these glasses, the so-called “ telescopic flints,"” which have 
partial dispersions more nearly proportional to those of crown glasses 
than the flints in ordinary use, is 90 low that, in photographic systems 
of large aperture and considerable field dependent entirely upon these 
flisses, the construction is prohibitively complicated. However, 
since, in the new Technicolor process, only two images are formed 
in a plans ut right angles thereto, it is possible to allow for the slightly 
different focus for the green, if the foci for the red and blue coincide, 
‘These, then, were the conditions to be fulfilled: the red and blue foci 
‘must coincide, the tolerance being that the blue focus might be 0-005 
in, longer than the red, as the blue negative is the rear one of the bipack, 
The green focus could be 0-003 in. shorter than the common focus 
for the blue and red. These conditions were for the ** standard "* 
focal tength of 50 mm. The aperture required was /1-7. ‘As there 
is inevitably some loss of definition in colour processing, the definition 
Of the lenses was to be better than that of lenses for non-colour work. 
Other lenses of focal length 70-mm., 100 mm., and 140 mm, were 
also. required. 

‘Now the secondary spectrum, which required an adjustment 
of 0.003 in. for the green on the S0-mm. lens, increases with focal 
Tength, so that it becomes 0-008 in. with the 140-mm. lens, while the 
*adjustment,”* being made on the camera, is fixed. It thus became 
necessary 10 reduce the secondary spectrum with the longer focus 
lenses. Fortunately, the Parsons Optical Glass Co. (now Chance- 
Parsons) came to the rescue with a new glass; an experimental melting, 
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produced a glass having 3 reduced secondary spectrum and having 
the low ¥ of 449 (as against 522 in the old ** telescopic flint"), 
By judicious incorporation of this glass in one or two components 
in the longer-focus lenses, these were designed to give approximately 
the same difference between the green focus and red-blue focus as 
in the standard lens. 

A further interesting problem arose when short-focus lenses were 
required, because, with normal types, there is not sufficient clearance 
between the lens and the focal plane to accommodate the prism. 


== 





Mr. J. A. Ball of Technicolor had tried placing a negative tens in 
front of an ordinary cinematograph-taking lens, the distance between 
the two being greater than the focal length of the positive lens: thereby 
he decreased the focal length and at the same time displaced the nodal 
plane towards the focal plane, giving greater clearance. 

_A negative lens so placed, however, introduces considerable barrel 


consisting of only two simple elements. Fig. 245 shows the Taylor 
Hobson lens. The same stringency as to colour correction, of course, 
applies to this lens (E.P. 355,452), 
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‘The closeness of the limits for colour correction necessitates special 
precautions in manufacture. In a batch of lenses made to very close 
Tolerances of radius and thickness and made from identical, glass 
melts, it is rare (o find the chromatic corrections identical to. the 
Technicolor specification, owing to small variations in the composition 
of glass throughout the pot. The assembled lenses are first tested 
for focus throughout the spectrum on a collimator illuminated through 
a constant deviation prism. If necessary, alterations are then made 
to bring the chromatic corrections right, Finally, a photographic 
check is made, An inclined object consisting of parallel lines is photo- 
graphed through the actual colour filters used by Technicolor. 

‘The Technicolor arrangement of films is a derivative of the semi- 
dialyte system of 3. W. Bennetto (E:P. 28,920, 1897). The optical 
system is the work of Messrs, Taylor, Taylor, Hobson & Cooke Ltd., 
of Leicester, England. 


Recent CAMERA, PATENTS 


E:P. 480,173. Technicolor Motion Picture Corporation. 

‘An oscillating film gate causing the film to engage alternately a 
claw feed mechanism and fixed registration pins. In fact, the familiar 
+ Shuttle gate,"" and similar to the famous Bell-Howell Type I gate. 
This movement provides the ideal conditions for registration accuracy 
by virtue mainly of the fixed registration pins. 


E,P, 537,802. Technicolor Motion Picture Corporation. 

Optical defects due to imperfect contact of bipack in the camera 
‘ante have always presented an annoying snag. In this patent the two 
films are separated by a pin (presumably recessed) just before they enter 
the gate, the idea being to feed the two films along a gradually con- 
‘verging path in order to exclude air-pockets by progressively squeezing 
‘out the air on the approach of the two films to the gate. Means are 
also provided for lubricating the films with a light mineral oil. 
‘This is dono by oil-saturated pads between which the films run obliquely 
immediately before they ate separated by the pin above mentioned. 
The use of oil for such lubrication would seem to invite trouble arising 
from spread of oil over image areas on the film (Fig. 246). 


E.P, $38,080. 

'A view finder control device for cameras having an axially and 
laterally adjustable optical view finder system and # confined housing 
characterized in that the mechanism for adjustment of the optical 
system moves with the Iatter whereas as the control means for the 
‘aid mechanism is mounted om the housing, and the adjusting mechanism 
‘and the control means are connected by an articulated link transmitting 
motion there between, 
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EP. $38,744, 

Parallax compensating focusing view finder, and arrangement to 
conform to different lens foci. 
E,P. 539,228. Technicolor Motion Picture Corporation. 

‘This invention combines the advantages of the Technicolor beam- 
splitter with those of multilayer film. A bilayer film is placed in one 


























gute and a monolayer in the other. The bilayer film records blue 
ight on the outer emulsion layer and red on the inner. 















































4G. 247, EP, 539,228 of Technicolor, 
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1. The elimination of bipack, which any cameraman would count 
a blessing. 

2. Avoidance of the common absorptances of the subtractive dyes 
jn a trilayer material which are the origin of faulty colour 
separation. 

To quote the patent: ** It is practically impossible to separate, without 
considerable falsification, colour uspects recorded in the subtractive 
ranges yellow (minus blue), magenta (minus green), and cyan (minus 
red), by printing with light absorbed by the respective subtractive 
records.”" As indicated in Fig. 247, the absorption ranges of subtractive 
printing matters overlap considerably. Therefore, if, for example, the 
Fellow record—superimposed on magenta and cyan records—is 
copied with blue light, the magenta record and the cyan record 
contribute undesired density patterns, since they likewise pick up 
certain amount of the cyan record densities, whereas the red light 
provides & comparatively pure copy of the cyan record. Ascord- 
ingly, one of the offending cyan and magenta records—for example, 
the magenta-coloured record of the green aspect—Is taken separately, 
‘and can therefore be printed without introducing falsifying compo- 
nents in the other two records, It will be evident from Fig. 247 that, 
for example, the removal of the magenta record merely leaves a con- 
tamination of the yellow copy, which is rather slight und, moreover, 
of secondary importance, de to the fact that the yellow record does 
not materially contribute to definition and gradation of the completed 
picture, 

Evidently prints can equally well be made on trilayer film coated 
two layers on one side and one layer on the other, or coated in the 
conventional way as in Kodachrome and Ansco, all three layers on 
‘one side. The notion is well adapted to the making of good duplicates, 





Processing of Negative and Printing of Matrix 
Negative Development-—Technicolor negatives are developed to a 
pe ‘of 0:65 in D-76, ‘The negatives are drum developed in 1,000, 
lengths. 
Before development the blue record negative is treated ina bleaching 
bath to destroy the red filter coating on the surface of the emulsion. A 
solution of hydrosulphite may be tused. 


Matrix Printers 

‘Material —Eastman orange-dyed emulsion No: 1514 on. 74/1,000 
in, film base, 

Printing. Exposed through base with tungsten filament source 
used with an ultraviolet filter plus a No. 39 Wratten Filter. Alternatively 
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blue filters of varying density may be used to control contrast. After 
‘exposure the matrix film is given a flash fog to threshold value-with light 
identical to that used for printing the image, An ultra-violet absorbing 
filter is inserted between the light source and the film, 











Processing 
Tise-ranie (Tewe.) 
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PRINTING 
Key IMAGE OR “* BLANK "” BLACK-AND-WAITTE SILVER PROVT 
In the Technicolor process the film upon which the dye transfers 
are made is 2 normal black-and-white positive film bearing a completed 
silver image sound track, a lightly printed picture key,’ and frame 
surrounds. 


PROCEDURE 
Colour separation negative used for printing picture 
image a ‘The Green negative record 
lagen, 
Film stock employed “Eastman Motion Picture 
Release Positive 
Development formula. += Modiied 46 ee below) 


Moptrizp D.16 Forsuta (DsveLorMest OF BLACK-AND- 
‘Warre ‘* BLANK ") 





Metol item 
Isdroquinone a om, 
‘Sodium Sulphite (anya) 5 20 gm. 
Sed Carbonate (mono) im em 
Potassium Bromide 5 S4am 
GirricAcid LoS Be 
Potassium Metabinulphite a 4 
Waler to make E G litres 


Nore—The 7th Step of the wedge exposed en the Type IIB Eastman 
Sensitometer must have a density of «64 

‘After fixation the** blank "is hardened in a chrome alum bath. The 
time is critica! in relation to the time during which the “ blank "* ean be 
kept prior to dye imbibition (normally 24 hours). Too short a“* chrome 
‘wash "will cause the emulsion of the “* blank "7 10 be too soft which 
tives rise to bleeding of the dyes during transfer. Too long a" chrome 
wash "will cause iticomplete transfer of the dyes from the matrix due to 
small particles of air being trapped between the matrixand the’ blank."* 
Tn extreme cases there may be general failure to transfer the whole of 
the dye with consequent false colour balance in the print, 

If a blank" is to be kept for a petiod in excess of 24 hours the 
chrome alum wash must be shortened in time, owing to the fact that a 
* blank" tends to harden with keeping, Should a“ blank” have 
become excessively hard owing to circumstances delaying transfer it 
‘can be ren through the developing machine agsin with a chrome alum 
wal auled to tt new expected tape bein chromic wash and 
transfer. 
| The time of development of the sound track printed on the blank ** 
is invariably the same, whether the track be of the variable area or 
‘variable density type. Since the sound track is developed independently 
+ Sald now to be omitted, but i 1938 De. H: Kalmus said, * The present system 
is ally fourcomponent” (7). 

26 465 








COLOUR CINEMATOORAPRY 


of any considerations of the characteristics of the picture image the 
conditions for ideal processing are present. 


Dye TRANsFER (IMsinen10N) 

Qed mer». oar YA EN of 
era ae ero ee per hale 

Temperatare 9 F101 

Tinmersion penod — ° 2 minutes 








Surplus dye washed off—20 seconds at 70°-100° F. 

Surplus water is blown off and the semi-dry matrixis then“* married” 
to the** blank" under de-aerated water, the blank having been previously 
prewetted for 30 seconds at 65° F. in de-nerated water (dee EP. 
487,981). 

By means of copper water-jacketed runways the mono-metal register- 
pin travelling band is kept at such a temperature that the film sandwich 
is kept heated during the transfer, 


Tine of Trams. Cobo. Texpergore 
(2 minutes Yellow: i 
i tr 130 
ion Sacenes 10 


Removal of Surplus Dye (known as** Dechro,”* yiz., Sodium Carbonate, 
10%), 

Rinse.—2 minutes, 

Blow off with compressed air. 


Dry. 
‘Dye BATH Formuts* 

Yellow 
Ghlorasol Beiliamt Yellow 3G, 200... 
Ghiorazol Fast Orange ER. 180... 3,085 pm 
Acetic Acid 28 percent... 2 Weer 








* These data are schematic only and no reliance ean be placed upon any exact 
-corespondence with present practice. 
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BRITISH AND AMERICAN TECHNICOLOR Dye EQUIVALENTS 


British, American. 
Disulphing Green B. 150 Fast Acid Green B. 

‘Solway Cetestol B. 250 ‘Anihraquinone Blue AB. 
‘Chlontzol Fast Red K. 170, Paranol DF. Red 8 BL. 


‘Chlorazol Fast Pink BK. 180. ‘Ammidine Fast Rose 2.5L. 
‘Ghorazol Fast Orange ER. 180. Dupont Pontamine Orange ER. 
‘Ghlorazol Briliant Yellow 3G. 200 Dupont Brilliant Paper Yellow Cons. 
Lissamine Green B. 200 Pontacy! Green SN. 





In BP. 487,941 of the LLB. Corporation covering cettain aspects 
of the Technicolor imbibition printing machine, the following dyes are 
mentioned: 


an a Eriogiaucine (Cl. No. 671) 
Magenta ‘Acid Fuchsin, (GL No. 692) 
Yellow - : Resorcine Yellow (Cl, No. 148) 


“1.82" Tennsfer Machine (General Deseription) 

‘The machinery used today by Technicolor Ltd. consists of two early 
type dye transfer machines sent to England by Technicolor Corp. 10 
‘enable the English firm to start output on a reduced scale (20 feet per 
inate), 

‘Owing to the war, no replacement was feasible and as a result of the 
increasing demand for colour productions this machine has continued 
to run practically non-stop (Week-ends excluded) ever since. It is now 
siid to be running at the increased rate of 120 feet per minute. 

“The machine was built by the LB. Corporation (U.S.A.) and designed 
by Mr." Mack " Ames of The Technicolor Motion Picture Corpora- 
tion (US.A.). (See LB. patent abridgement belo 

The machine is four banked, the fourth not being in use (/.e., Yellow, 
Cyan and Magenta; in that order). Fig. 248 illustrates schematically 
the general arrangement of the machine. 


‘The “ Blank 


‘The “ blank "is the first stage in the making of a Technicolor print 
and consists of Kodak 130) stock (Negative perforated) bearing 








Silver sound track and picture rebate and in some cases a faint silver 
picture image known as the “ gray" in ‘London, and the * key “* in 
Hollywood. 


“These blanks are fed on to the machine on the yellow side by means 
of a continuous feed elevator, a sprocket with a double, normal, and 
stutionary speed, a form of dog clutch" being fitted between the 
feed reel and elevator. Each roll of blank is spliced to the preceding 
one by @ normal cement join, The splicing * cue" for synchronizing 
purposes Is printed on the * blank," corresponding to the track nega- 
tive as edited by the negative cutting department. 








467 


COLOUR CINEMATOGRAPHY 


The blank then runs from the feed levator past a mercuroid trip 
switch (See page 472 on Mercuroid Trip Switches) into the yellow 
““pre-wet bath" containing ‘* de-aerated " water (see note on *' de- 
aerator"), The yellow, cyan and magenta pre-wet baths are long 
horizontal troughs exch running above its appropriate colour table.” 

‘The object of the pre-wet is partially to soften the surface of the blank 
emulsion in order to decrease the chance of transfer due to air” and 
to increase the receptivity of the emulsion to the transference of dye. 

After. say, two minutes’ immersion, the blank emerges from: the 
yellow pre-Wwet, travels pust two blow-offs (one either side of the film to 
‘Femove surplus water), turns downwards past a mercuroid trip switch, 
and into the “roll tank “* (entering it from the top) which is filled 
with de-acrated water, This wateris kept flowing at w rate of 9 gallons 
per minute. 


Marrying Matrix to Blank” 


It isin this roll tank that the blank is" married "' or brought into 
close contact with the yellow matrix, the blank being uppermost. Both 
ae then seated on the monel * pin belt,”” by means of pressure exerted 
by four 6-in, diameter rubber treaded rollers; that is, two above and 
two below the pin belt. A jet of de-aerated water is directed at the point 
of first contact between blank and matrix. This is another precaution 
against the possibility of “ transfer for air,”” a defect brought about by 
the presence of particles of air trapped between matrix and blank, and so 
‘causing \ransfer of the colour in question. This defect is most liable to 
occur in areas of great colour contrast (é.e., air particles caught in the 
“shelf "in the topography "of the matrix surface), 

At about the same time as the blank is being fed on to the machine, 
the appropriate yellow matrix is also being run on to & continuous feed 
elevator, each roll of matrix being eut to length, for synchronization 
with the blank, by the matrix make-up department. The matrix is 
attached to its predecessor by means of a 6-inch length of monel strip 
(perforated in the same manner as a piece of negative cine film), and by 
four two-pronged clips, 

A driving sprocket with x three-position free wheel, normal, and 
stationary type of dog clutch, supplies this elevator from the feed reel. 

Another sprocket carries the matrix into the top of the dye tank, 
where it runs in vertical paths past two cascades. These cascades are 
Supplied with dye pumped up from a vat below the floor, The dye 
‘passed through three filter bags, one large one in the vat and two smaller 
‘ones over the dye tank cascades. Dye corrections are applied by boost 
ing every 15 minutes under the direct control of the chemical depart- 
‘meut who ure advised partly by “hand transfer tests "of a gray seale, 
and. partly by the viewing room, 

During its travel through the dye tank the matrix passes over a 
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diving sprocket arid a weighted jockey pulley attached to a cord. This 
cord actuates the speed control arm of a four-bush motor which drives 
this section of the machine. In this way the driving motor speed is 
governed by the tension of the film, 

‘After leaving the top of the dye tank, the yellow matrix runs down, 
into the’* wash back " where it remains for about 90 seconds, travelling 
in a vertical path past either end of a hot water cascade whose tempera- 
ture can be easily varied by means of a mixing valve. 

‘The object of the" wash-back " is to wash off the dye superfluous to 
the amount required to bring about the desired colour ratio. The effec- 
tiveness of this washing off is directly related to the temperature of the 
water used, the duration of the ® wash-back"’ time being constant 
(Ge, the ureater the temperature the greater the wash-off). 

‘Lis of interest to note that the main difference between the technique 
used in the London plant and that used ia Hollywood, is that the 
Americans keep the temperature constant, but control the duration of 
“‘wash-back.”” In either case the technique is direetly controlled by the 
viewing room. 

From the * wash-back "the matrix passes through 2 small elevator, 
the movable element being heavily weighted. This does no more than, 
supply or take up stock in the event of slight sluggishness of the con- 
rolled driving motors when responding. 

From this elevator the matrix passes two blow-ofls (one either side 
of the film), runs downwards past a mercuroid trip switch and enters 
the roll tank from the top, passing under a roller on to the pin belt 
Where the blank is pressed on to it by the first 6-inch roller and held in 
egister by the pins. 

‘The pin belt is 240 feet long, consisting of monel perforated strip 
35 mm, wide, with both large and small teeth soldered in these per- 
forations. The small teeth are on the ** track" side of the blank, 
The whole length is soldered into x loop. Four wheels of approximately 
40-inches diameter enable it to travel from end to end of the machine 
four times. The two wheels at the dye’ tank end (termed the ** wet 
end") are set at a slight angle to each other, to give the desired cross 
‘over, and about 6 feet part. The path from the wheel nearest the wet 
end passes through the roll tank by means of a water gate either end. 

The two wheels at the dry box end (** dry end“) run in « vertical 
plane side by side. 

‘Towards the under side of the upper two paths, which travel from 
the wet to the dry end, and the upper side of the under two paths of the 
ppin belt (ti, the side not taken up by the film and teeth) hot water 
trunking is placed. ‘This trunking is rectangular in section (approx. 
6 in, <1} in). ‘The side of the pin belt bearing the film is protected 
with wooden covers which are hinged for easy access. 

‘The temperature of this heated surface (known as the“ table“) 
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is controlled. The greater the temperature the greater the contrast. 
There is an increased colour density in the shadows, giving in severe 
cases" off ratio" defects. It is thetefore Technicolor policy to keep 
these table temperatures constant according to @ standard technique 
by means of mixing valves, 

The matrix and blank in close contact, and held in register by the pin 
belt, emerge from the water gute (nearest the dye end) of the roll tank, 
sind pass Under the large seating belt, This seating belt is « loop of 
copper: strip, about 9 inches diameter, similar to w pisce of negative 
perforated cine film, but having smaller perforation on the track side. 
‘These perforations are seated over the teeth of the pin belt by the 
pressure or weight of a large rubber treaded roller, there being also a 
Small roller 3 inches away to assist the" take off " of the loop from the 
fin belt. The large seating belt is followed by the small seating belt. 
The latter is similar to the first but only forms a:loop 7 inches in 
diameter. It has only one seating roller and is of less weight. 

The object of the seating belts is to ensure the correet seating of the 
blank and matrix perforations around the pin belt teeth, Incorrect 
seating of the blank and matrix would cause transfer around the 
perforations. Results of this are to be seen in the form of half round 
areas of colour with sharply’ defined edges against the perforations. 
The defect is most noticeable on the non-track side, 

A close contact between blank and matrix is still further ensured by 
the use of two weighted rollers, the first having a 4 {b. weight attached, 
and the second having one of 9 1b, 

After these pressure rollers a sucker is placed to remove surplus water 
from around the perforations and pins, This is then followed by a blow- 
off to remove any surplus water drops from the cell side of the blank. 

tis on this part of the pin belt between the blow-off and the tables 
that the “* syne. marks “printed on the matrix and blank are checked 
to ensure against * out of frame "and ** out of syne." (out of rack) 
defects. If such a defect does oceur, the number of perforations, frames, 
OF fect, out of sync. are measured and the necessary length of leader 
‘Attached to the next roll of blank or matrix (Whichever is applicable) to 
be run on the machine. 

‘The pin belt is friction driven, by the two dry end wheels, which are 
chain driven by a constant speed motor. This is the only motor on the 
colour bank that is not cantrolled, and is therefore the one that sets the 
‘overall speed of the machine, and is termed the main drive motor. 

After completing the two circuits on the pin belt, the blank and 
matrix leave tat a point in line with and about 35, below the seating 

ts, 

‘The parting is effected by both blank and matrix running over a 
Toller called the * stripping roller ” whilst the pin belt continues along 
its horizontal path, 
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‘The blank runs vertically downwards in a flat plane whilst the matrix 
uns off at an angle of 45* downwards with 2 twist through 180°. It is 
this twist that brings about the stripping or parting of the two films, A 
mercuroid switch is placed on the blank just after the stripping point. 

Both matrix and blank run over pulleys (both now being emulsion 
downwards) and run in horizontal paths towards the dry end, im- 
mediately below the lower tables. The blank runs horizontally in 2 dry 
‘box from end to end three times before emerging at the dry end to travel 
to the top of the machine and over a captive diabola (which by means of 
a cord governs the speed of the matrix dry box drive motor). The drive 
for the blank dry box is supplied by a friction loaded rubber covered 
Pulley powered by a chain from the main drive motor. 

‘The blank, after passing a mercuroid switch, travels into the pre-wet 
bath of the succeeding colour bank (i.e, the eyan), 

The matrix after leaving the stripping wheel runs under the blank 
dry box to a point below the large dry end pin belt driving wheels, 
where it travels through the floor to the "* decro "* tank containing 
sodium earbonate (not circulated). ‘The object of this tank is to wash the 
matrix clear of any remaining dye (a mercuroid switch being placed at 
the entry into this tank). 

After this the matrix passes into a wash tank and then up through 
the floor into the matrix dry box at the end of the transfer machine. Tt 
leaves this to be rolled up on the take-up. 

After re-winding and inspection by ‘* matrix re-wind dept." it is 
held in readiness for a further transfer. 

The cyan bank is identical to the yellow (the yellow and cyan banks 
being built side by side in one unit (this formed an original two-colour 
machine), 

‘The blank bearing the yellow and cyan dye image passes over to the 
‘magenta bank. This bank, and a disused one alongside, forms another 
of the original two-colour machines, and stands parallel to the yellow 
‘and cyan banks with a gangway about 6 ft. wide between them. 

‘The magenta bank is very similar to the yellow and cyan, but has the 
following differences. A small tank containing alcohol, with a fixed 
levator running in it, is placed between the wash back and roll tank. 
This is only used when « certain matrix is known to be bad for air-and 
{tansfer. It is on the magenta that these defects are most pronounced. 
The softening effect of the alcohol on the dye laden matrix emulsion not 
only minimises the above defect but also increases dye spread. 

‘The weights attached to the rollers after the seating belts are in- 
Sreased to 6 and 12 tb. respectively. 

‘The table temperature on this bank is maintained 10° F. above thar 
on the other two tables. The last two modifications are introduced in 
order to reduce the chances of air, and transfer. 

‘The blank on leaving the magenta dry box passes over waxing rollers 

an 








COLOUN CINEMATOGRAPHY 


running over the perforation tracks: After this the blank runs past a 
mercuroid switch, on to the take-up elevator. 


The mercurvid switch is a glass phial one-third filled with mercary, 
into which electrodes protrude at one end, the phial being mounted on 
an atm pivoted about two-thirds of its length. On the short arm two 
‘wheels are mounted so that they ride on either side of the film (Je, over 
the perforation tracks). The tension of the film running vertically 
causes the arm to temain horizontal. In the event of the film breaking, 
the weight of the glass phial, or mercuroid, on the longer arm, causes 
it to fall to a near vertical pisition, the mercury forming the circuit 
between the electrodes, 

The closed circuit actustes a relay which stops the machine, rings a 
bell, and switches on a pilot light (each section having its own appro- 
priate light). These lights are coloured either yellow, cyan or magenta, 
according to their colour bank. 

The de-aerator is a machine situated on the ground floor (lu. the 
floor below the machine) and consists of « yacium pump exhausting 
air from a cylinder containing pipes with fine jets protruding from them. 
Distilled water at 110° F. is pumped through these pipes and forced 
through the jets, to form a fine spray within the vacuum, ‘The water is 
thea sucked from the bottom of the cylinder and pumped up to the 

-B. machine. 

















To be set against the great reproductive advantages of an imbibition 
machine, of which we are all aware, are the following disadvantages (not 
including the difficulties to be overcome in the production of matrices). 

1. In the event of off-syne. or off-frame troubles, many feet of fitm 
might be run before the correction ean be upplicd ¥ 

2. In the eyent of a machine stop at least two reels of production 
might be N.G.'d (the excessive waste im the ‘* wash-back " 
caiising no transfer from that part of the matrix), 

3. Any machine stop of more than 3 minutes would cause permanent 
register trouble owing to distortion of the matrices on the hot 
tables (e., at least two sets of matrices N.G."d). 

4. There must bea severe risk of s machine stop damaging a matrix 
‘or matrices as a result of" baking '’ on the tables—this would. 
cause-a failure to strip. 

5. Any particle of ditt would give a’defect rnany times its sizo—ie.. 
the particle would probably be represented by a 4- colour den- 
‘sity area (that is, if it adhered to the matrix before the dye 
tank), But iFit was deposited on the matrix after the dye tank, 

an 
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Fie, 249D.—Imbibition Printing Machine by 1B. Corporation, EP. 487.941, 
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of at any time on the blank, it) would be represented by a 
surrounding area of transfer (if on the matrix by one colour; 
iffon the blank by all the succeeding colours), 

6. Any form of emulsion damage either on the matrix or blank 
‘would be represented by either ++-or — colour density—usually 
both. 

7. If the blank emulsion is too hard — transfer would ensue, and 
possibly —air, Ifthe blank emulsion be softened to overcome 
these two defects, bleeding or dye spread would increase, A 
mean technique has to be pursued which admits both defects 
toa lesser degree. 

8. There must exist the continual problem of register, owing to the 
‘stretch and shrinkage of new and old matrices (besides the 
troubles experienced with negatives, masters, dupes, etc., in 
printing). 

9. A matrix may be unreliable in its keeping qualities,"* it may 
distort, perish or shrink at an early ape, and cause breakage, 
‘damaged perforations, and jumping on the pin belt—this would 
cause off-syne, and off-frame troubles, 

10, The possibility of * transfer for wir’ (see former explanation) 
‘must always be present, 

11, Quite considerable trouble could be caused by transfer ** edge "* 
‘owing to poor seating around the pins, This might be caused 
by a mild form of shrinkuge (either blank or matrix), 


The above defects are peculiar ton pin-belt machine. But the more 
usual defects are still present, Le, scratches (this applies to matrix as 
‘well as blank) either negative or positive, on cell or emulsion, operational 
errors, dye and colour fluctuations, etc. 


The following description of an imbibition printing machine patented 
by the 1B, Corporation is concerned with the means at present em- 
ployed by Technicolor in U.S.A. and Britain, 


B.P, 487,941. Dye-Impression Printing; Blectric Control Systems, 
1,B. Corporation, Dec, 28, 1936, No. 35809. Convention date, Deo, 
28, 1935, 








(Reference should bbe nude to Figures 249A-D, 


In the ptocess of an apparatus for printing in multicolour from «set of 
photographically prepared gelatin matrices, the blanks to be printed 
‘and the matrices are fixed to supports. and carried through cycles, the 
cycle for the matrices being automatically controlled and including the 
steps of applying excess dye to the matrices, removing part of this dye, 
and pressing the matrices into contact with successive blanks, Pre- 
ferably the matrices are overexposed and overdyed so that the removal 
of dye results in « gradation which corresponds to the straight part of the 
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characteristic curve of an emulsion, The removal of dye is also adjust- 
able to attain colour balance in the resulting pictures and may be effected 
by sprays. Apparatus for the process comprises a set of machines 
corresponding to the number of cofours to be printed. In the form 
shown, each machine comprises a dye bath 3, Fig: 1, endless bands 11 
having supports 26 for the matrices, an oscillating spray pipe 171 for 
applying further dye, washing sprays 72 for removing surplus dye, and 
rollers 110, 111 for pressing the matrices into contact with the blanks, 
The dye removal spray’ are delivered by un oscillating tube 40.and may 
be deflected by a movable hood $0 to vary the quantity of dye removed. 
‘The matrices are carried by blocks 26, Fig. 10, having pins 27 which 
enter holes in the forward end of plites 100 carrying the blanks B. 
‘Automatic control of the hood $0 may be provided. As shown in Fig. 
17, pin 252 mounted on the endless earrier 11 in advance of the matrix, 
closes a switch t0 set in operation a motor P which draws the hood $0 
upwards. At the-top of its travel, « pin on the hood closes the cut-out 
switch 278 causing the motor to stop and the hood returns under 
gravity. A second pin 254 occupying a pre-set position on the front of 
the matrix support 26 then closes one of the switches 290 bringing » 
stop 265 into the path of the hood $0 as it returns. Preferably the dye 
bath and sprays are maintained at w raised temperature, Suitable dyes 
for a three-colour process are Erioglaucine for the cyan component, 
acid fuchsin for the magenta, and resorcine yellow for the yellow. 





‘Technicolor General Procedure 
Activities Before photography: 
Colour Control: 


(a) Colour design of the sets. 
(0) Costume colour selection, 


Set colours are chosen: 


chroma, and value in relation to the costumes. 
ive importance of the set. 

(©) For cutting and retationship to other sets, 

(d) For relationship of above factors to the script. 


‘These fuctors, when decided upon, form thet colour score,"* 
A colour control department advises on these factors, 
‘Moke-up—Handled by the studio, but the colour cameraman often 
intervenes. For example, there may be compensation for sunburn 
during or following exterior work. Neck, throat, hands and arms 
require treatment. Babies frequently require uo make-up. Object of 
‘make-up is largely to reduce range of flesh colour observable in various 
individuals, Critical care must be given to close-ups, 
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Photography.—Vechnicolor cumerss are filter-balanced (0 average 
daylight. Colour-temperatures should not vary by more than 250°. 

For studio work the following sources are used, but in each case 
they are filiered to match a standard daylight. ‘Thus the filters or stock 
in the camera are unaltered: 

High-intensity are, 
White-flame are, 
‘Tungsten filament bulbs, 

The General Electric C.P. tungsten incandescent bulbs are burnt 
at a colour-temperature of 3,380°K,, and a MacBeth artificial daylight 
lass filter is used to transform the radiation to # colour-temperature 
of 6,000" K. Unfiltered inky lights are ised to simulate fielight glow. 
Coloured lights may be used for special effects, Large sets are usually 
illuminated by arc lighting with occasional auxiliary inky units, 
‘Small sets are sometimes entirely lit by inky units. 








Fic 251A. 


For exteriors, metallic reflectors are undesirable owing to sunlight 
directly reflected varying in colour-temperature from average daylight. 

For process projection special plates are printed of the required 
contrast density and colour, depending on the particular background 
Projector to be employed. Multiple projector heads project up to 
three matched prints. Background screens have been photographed 
up to 28 ft. in width. Care has to be taken to achieve foreground~ 
background balance. 

Lenses on the Technicolor camera are available of the following 
foct: 25, 35, 40, 50, 70, 100, 140 mm. These all fit into calibrated 
‘mounts that fit on to master focusing mount, Generally, focusing 
is checked by measurement. Eye focusing has been found faulty, 
Stops are calibrated on an arbitrary arithmetical scale, A very original 
Technicolor speciality is the follow-focus aid which takes the form of 
4 pait of Selsyn motors.’ One is attached to the lens mount, and the 
controlling motor is held in the technician’s hand, or fastened to some 
support if desirable, permitting the technician to be 50 f. or more 

* Now available on the Dufaychome camera. 
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away from the ‘camera, and yet to\ maintain contral over the lens 
focus, even though the camera is** blimped."” 

‘The motor arrangement is highly flexible. There are eight types 
of motor and eight combinations of motor-to-camera gears, all of 
which can be chunged in the field, ‘The cameras can also be operated 
in reverse. Speeds in excess of 24 pictures per second are not per- 
missible, 

The camera can be mounted on anything from a spider to a high 
tripod, and on any other piece of equipment as may be desired, such 
‘ss dollies, three-wheel perambulators, four-wheel yelocitators, booms, 
rolating mounts, ete, Special mounis haye been used for air photo- 
graphy and for underwater work. Speed cameras have been made to 
shoot up to 96 pictures per second. The threading time of a Technicolor 
camera is about 3 minutes. 

Technicolor cartoons are photographed by normal cameras using the 
‘Successive exposure method with cither rotating or sliding filters. The 
negative is printed on a skipping intermittent printer, All optical and 
trick effects known to black-and-white can be used for Technicolor. 

Negatives are developed at night and black-and-white rush prints 
delivered the following afternoon. Colour rush prints are delivered 
the following evening. 

Winton Hoch of the Technicolor Motion Picture Corporation wrote 
in 1942: "* The negative reports and all laboratory contacts are handled 
for. the cameraman through the Technicolor éameri department, 
which also checks the daily log-shects, and by these log-sheets keeps 
very complete record of every production and of every scene photo- 
graphed on that production. ‘The records have proved invaluable, not 
‘only to the cameraman, but on many occasions to the director and 
others participating in the production. 


‘Technicolor “Monopack” 

With regard to the use of Kodachrome monopack for the Techni- 
color record, Hoch says: “ The present monopack process in latitude, 
visibility, and tone rendition is satisfactory, but the picture texture 
in grain ‘and uniformity has not attained the smooth, fine texture of 
three-strip." Progress since this was written (1942) has not been 
marked by any radical improvement, 

OF 16mm, Kodachrome monopack for Technicolor, William 
‘Stull (Americun Cinematographer, September 1941) says’ that the 
‘Technicolor copy had less of the appearance of a dupe than he had 
‘considered possible "and that the "* tonal range and gradation were 
‘comparable with the original Kodachrome or standard Techinicolor."” 
‘We cannot agree with this verdict. 

‘The monopack is used in cameras which are fitted with 25-mm. 
lenses, and has, in consequence, a characteristic perspective and depth 
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of field which are reproduced on the 35-mm. enlargements to give 
what Stull describes as “* an uncanny effect on the screen.” 

Technicolor recommend thit the Kodachrome exposure for Tech 
nicolor reproduction should be on the low side of normal. 

Darre! Catling, British director, has recounted’ his. experiences 
during the making of a documentary which was shot entirely in mono- 
pack, His statements do not support the absurdly exaggerated reports 
Which have been quoted from American journals. It is quite clear 
that after all the fuss there has been some disappointment. The character 
of the result is only what was predicted. by the writer seven years ago, 
‘when Dr, Kalmus confidently predicted the demise of the beam-splitter 
camera, How anybody familiar with the theory of colour photography 
could have imagined for a moment that it was possible to get prints 
from negatives extracted from a 16-mm. Kodachrome film which 
could compare with direct separations defies imagination. Even 
* electronic "' masking would not crack this nut, The film was “" Eng- 
fish Village," the first British monopack effort. Catling says that they 
included colour chart for every shot. An ultra-violet absorbing 
filter was used (Y=1). The film in this instance seems to have been 35- 
mm. Kodachrome, since a Vinten camera was employed. Small band 
tests were processed at Harrow, but the main film had to be sent to 
Rochester for processing. Finishing on September 12, no rushes 
were a ible until December 3, when a black-and-white cutting 
print arrived, The colour pilots did not arrive until December 31, 
“They were surprisingly good, though some scenes seemed to be 
‘on the thin side, while in others there was an occasional fluctuation 
of colour. Greens were rendered on the hurd side, and light-soaked 
whites had a pinky hatation. Flesh tints tended to be hot.” The last 
material did not arrive until April 28. ‘The following August (1944) 
Mr. Catling had not seen his film. It therefore does not seem to be & 
‘yery practicable proposition in England us yet. 

Principal U.S.A. productions on monopack so fir have been: 


‘Thunderhead—Son of Flicka.’” 
~ Memphis Belle."” 

™ Fighting Lady, 
“* Marines at Tarawa." 

| + Report from the Aleutians.” 














16 mm. 


* Saludos Amigos."” 
Some Fitzpatrick Travelogues, 
* XTY Olympiad—The Glory of Sport” (Part). 
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‘Résumé of the Principal Technicolor Printing Patents 

Excerpts from the Specifications or abrdgements by permission af the Controller of 
HM Stationery Office. 
E.P. 132,580, Comstock, D. F., and Technicolor, 1918. 

Coloured light is used in printing which will reverse or neutralize 
the effect of difference in. the range of film densities in the negative 
(gamma control). For negatives haying a high contrast gradient, 
printing light is used of such wavelength as will produce a positive 
having a comparatively low contrast gradient, and vice versa, Thus, 
for a two-colour process employing red and green taking filters, 
ultra-violet and blue filters may be used for printing the positives. 
The process is especially upplicable to multicolour printing on a single 
film in which the contrast gradients cannot be equalized by develop- 
ment. Wall says [4]: * This principle was first suggested by Lemann [5] 
and had been in constant use for many years."* 

E.P. 188,329. Comstock, D. F., and Technicolor, 1921. 

‘Describes: the exposure of two films through the celluloid and the 
superposition of the two films by cementing them back to back before 
development. ‘Technicolor used double-width film at this period, 
and after printing it was folded with the images outwards. It is stated 
that the developer is to be pyro, subsequently bleaching with potassium 
ferrocyanide, fixing with hypo, etching away the soft gelatine, and 
staining the relief images so obtained. 

E.P, 204,404, Comstock, D. F., and Technicolor, 1923. 

The imbibition film is mounted for development after exposure 
‘ona thin metal band, or backing. Steel plated with copper is suxgested. 
The film is cemented with a layer of binding material such as amyl 
acetate and lacquer, and fed through pressure rollers and heated 10 
120° F. for 30 minutes, The metal strip ensures perfect registration 
when- printing by imbibition upon a blank film. 

ELP, 241,052, Andrews, J. M,, and Technicolor. 

Processing machinery for dissolving away the unhardened gelatine 
with hot water which is flowed on to the Gm at opposite edges from 
several nozzles. The hot water has a temperature of 120° F, 

E.P, 263,331. U.S.P. 1,677,665. Weaver, E. A., and Technicolor, 1926. 

"The gradations in the highlights of imbibition relief images are made 
‘more gradual than those in the half-toné parts by exposure of the film 
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to uniformly distributed light, either previously or simultancously 
with the contact printing of the image proper. The film may be 
rendered absorptive to light of a particular colour, and the uniformly 
exposing light may be of that colour. The exposure to uniform light 
may be approximately the threshold exposure, and both exposures 
are made from the same side of the film, either from the emulsion 
side or the celluloid side. Either one or all of the images of a multi- 
colour positive may haye been thus exposed to uniformly distributed 
fight. 

E.P, 263,650, Weaver, E. A,, and Technicolor, 1926. 

‘The densities in the shadows of imbibition reliefs ure made at least 
‘as great as in the half-tone portions. The film is dyed with a dye 
absorptive to light of short wayelength, and printing is done with a 
light of short wavelength mixed with a light of long wavelength. 
‘A shurp-cutting dye such as naphthol yellow is used, and it is used 
in as concentrated a form as possible. Quinoline yellow is mentioned 
aga restrainer permitting the use of maximum concentration of maph- 
thol yellow, 


EP, 264,369. Ball, J. A., and Technicolor, 1926. 

Printing apparatus for imbibition matrices. The machine enables 
fone negative bearing two-colour records in alternating sequence 
to print two separate positive films; two printing lights are employed, 
‘one for each gate. The type of negative used in this printer is that 
obtained with a beam-splitter camera of the type described in E.P. 
194.971 (see Chapter V), The arrangement of the images is the same 
asin EP, 349318, 


EP, 270,279. Technicolor Motion Picture Corporation, 1926. 

Dyes for imbibition printing are highly purified in such a way as 
to remove any solid matter or impurities, so that the dye will be ab- 
sorbed upon the printing matrix in accordance with the density of 
the printing image, without the formation of 3elf-agglomerating 
components, and will also be freely imbibed into the receptive gelatine 
surface without diffusion and without the formation of layers or matter 
Which tends to adhere to the surface or becomes detached from the 
printing matrix, ‘The dye solutions may be "* egg-treated ""—namoly, 
by the addition of the white of egy or like amphoteric colloid followed 
by coagulation, as by boiling, and removal of the coagulated colloid 
together with extraneous solids or solid-forming constituents. To 
the dye solution may also be added a viscosity agent to prevent lateral 
diffusion, and this may comprise a second dye having relatively low 
Penetration or dispersion, and high definition with respect to the film 
to be printed. Two acidified dye compositions for red and green 
respectively are specified. 
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E.P. 270,280, Atwood, F. C,, and Technicolor, 1926, 

Imbibition reliefs are. prepared by treating the gelatine with a bi- 
chromate hardening agent and an organic acid, drying promptly 
to a firm consistency and subjecting it to an elevated temperature. 
A coating may consist of, for example, a gelatine solution containing 
potassium bichromate to the extent of 5 per cent. of the gelatine used, 
and, say, about three drops of acetic acid per 100 cc. After drying 
the film it is uniformly heated over 4 prolonged period, siy to 90° 
100° F, The surface of the film is then washed to remove any excess 
of hardening agent and thoroughly dried, ‘The heating may be done 
in.a heated chamber or by heated rollers, Jhis noted that the reduction 
of the chromium before drying the film should be avoided. 


E.P. 288,146, Kienninger, J. F., 1927, 

‘A method for hardening the gelatine of the imbibition blank film. 
An alkali bichromate is mixed with the gelatine together with an 
‘activating agent ((.,.an alkali sulphite) and « restraining agent (i. 
‘ammonium hydroxide), and the latter is removed to permit the harden- 
ing uction to proceed. The restraining agent may be removed at the 
time of setting and dehydration of the colloid, ‘The hardening action 
is controlled by the acidity or alkalinity of the mixture and by the 
extent of dehydration and temperature. 

E.P, 300,818, Ball, J. A., Technicolor and others. 

Imbibition printing apparatus. The films are fed along converging 
paths and a retarding force is applied to both films in advance of their 
oint of contact, so that if either of the films has shrunk it receives 
the whole of the retarding force until it is stretched ta conform to 
the other film, und then both fils are subjected to the force, 

EP. 307,659. Comstock, D. F, and Technicolor, 1928, 

‘This patent is so outstandingly important in the history of the Tech- 
icolor process, and the specification so completely describes the nature 
of the imbibition process, that we do not hesitate to reprint practically 
the whole specification for the instruction of students (Figs. 252A-D): 
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EP. 319,924. Kienninger, J. F., and Technicolor, 1928. 

This patent is complementary to E.P, 307,659, The speed of move- 
ment of the films in one of the paths is automatically controlled by the 
speed of a portion of the blank film outside the said path, so that the 
films move in synchronism. 


EP, 322,173. Tultle, B. S,, and ‘Technicolor, 1928. 

A method of cleaning dye-imbibition films by immersion in a solution 
‘of ethyl alcohol and not more than 2 per cent, of ammonia and drying. 
Alternatively, amines, such as diethyl amine, may be used. 


EDP. 344,026, Technicolor Motion Picture Corporation. 

Picture band records colours and the sound record is black-and-white 
Whereby colour pictures and records of both high and low acoustic 
Frequencies may be accurately reproduced from the same film. 


E. P. 345,986. Troland, L. T., and Technicolor, 1929. 

Printing of sound tracks asa matrix relief or a dye transfer therefrom. 
The dye is confined to the surface of the gelatine so as to improve 
definition. Contact may be increased in the relief by etching off all 
gelatine adjacent to the record, leaving bare celluloid which will 
not imbibe the dye, The sound track is printed from one or more 
‘of the matrices bearing the reliefs of the pictures, 


EP. 353,962, Kienninger, J. F., and Technicolor, 1930. 

Further additions to E.R. 307,659 concerning alignment of wheels 
carrying matrix and blank films for imbibition, 

EP, 360,274. Weaver, E. A., and Technicolor, 1930. 

The taking filters for colour recording for two- and three-colour 
films have special transmissions corresponding to the colours reflected 
from the most prominent objects of the scene. Filters for flesh and 
foliage are specified, the bands of the two filters being interleaved. 
For the red-orange filter Eastman Yellow and Acid Rhodamine 3R 
are used, and, for the green, Uranine and Fast Light Green. Naphthiol 
Yellow, Quinoline Yellow, of Auramine may replace the Eastman 
Yellow, Rose Bengal may be used instead’ of Rhodamine, other deri 
tives of Fluorescein may replace the Uranine, and Patent Blue, Eri 
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Green, or Guinea Green—the Fast Light Green, These filters give a 
ppale neutral tint for the blue sky, this colour being recorded in equal 
amounts by the two filters. (Note—It may be assumed that these 
filters were used by Technicolor for productions such as * Whoopee, 
in which two-colour exteriors appeared.) 








E.P. 370,908. Troland, L. T., and Technicolor, 1931. 

Simultancously recording tricolour components of a scone on 
different superposed layers of suitably sensitized coloured emulsions, 
and subsequently dissolving off individually one or more image layers, 
prints being taken before and after each dissolving step to obtain 
individual colour records. The layers may have different solubility 
in the same solvent at different temperatures or in different solvents. 





E.P. 374,849. Troland, L. T., and Technicolor, 1931. 


Positive imbibition matrices are produced from two-colour records 
contained at different depths of a single emulsion or in different coat- 
ings on the same side of the support by staining the records, printing 
one record with light transmitted by the other record, and printing 
the second record by light transmitted by the first record, The colours 
are not necessarily related to the recorded colours. Thus for two-colour 
work the colour records are produced in a negative film carrying an 
emulsion having the outer layer sensitized to warmer colours and 
dyed orange throughout. ‘The emulsion is exposed through the support, 
and after development the negative is fixed in plain hypo and washed 
until free from dye, Both images are then converted into yellow 
‘or minus blue, and the warmer image is then converted into magenta 
of minus green, and separate positive prints are obtained by printing 
with blue and green light, For example, the images are converted 
to Metanil yellow and the surface image to magenta by allowing a 
small amount of acid to difflise into the film, To fucilitate separate 
treatment of the images the sensitive layers of the negative are preferably 
separated by a free gelatine Tayer. Alternative methods of colouring 
the images comprise: (1) colouring the outer image magenta by limited 
diffusion, and then converting the other image to yellow by chemical 
or dye toning; (2) converting both images to unexposed silver salt, 
exposing and developing one image without the other and utilizing 
the unexposed image asa mordanting base for # suitable dye, followed 
by toning of the exposed image, 

For three-colour a bipack is used, the front member of which carries 
‘an emulsion adapted to record two components from which separate 
prints are obtained, as described above, the rear member carrying a 
‘single emulsion adapted to record the third component, from which a 
print is obtained in the ordinary way. 
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E.P. 377,033. Troland, L. T., and Technicolor, 1931. 

A silver emulsion for matrix imbibition printing is uniformly 
hardened before or after exposure, and after development is treated 
with an agent producing softening in the exposed areas. Hardening 
‘agents mentioned are chrome alum, bichromate, formaldehyde, pyro- 
gallol, pyrocatechol, or hydroquinone. The softening process is carried 
out with oxidizing agents such as ammonium persulphite or mixtures 
of potassium ferricyanide and potassium permanganate, copper bro- 
imide, nitric acid, and sodium perborate, 

EP, 382,320, Troland, L. T., and Technicolor, 1931. 

Differential treatment of images obtained in different depths of 
ain emulsion (¢.g., colour component images); the image layer is sub- 
jected to the action of an oxidizing agent having a certain speed of 
Penetration (e.g., cupric bromide or a solution of iodine in potassium 
fodide), and the action is interrupted upon reaching the desired depth 
by a reducing agent having a greater speed of penetration (e.g., sodium. 
bisulphite or ammonia), Following the above action, the lower image 
can be toned with ferric sulphite or other iron toning solution and the 
upper image dyed with a dye having in affinity for silver iodide (e.g. 
sufranine or fuchsine). The process is applicable for the ease of more 
than two superimposed inuges. 


E.P, 392,785, Troland, L. T., and Technicolor, 1932, 

‘An imbibition matrix relic? comprises interconnected image- 
forming elements of dyc-absorbing gelatine embedded in a body. of 
relatively non-dye-absorbing gelatine having approximately the same 
thickness at any point of the relief, the surface of the relief being 
substantially smooth. Such a relief is obtained by developing a silver 
halide emulsion with a hardening developer (e.x.. pyrogallol or pyro- 
ccatschin) without reducer, and then subjecting it to 4 controlled oxida- 
tion treatment to oxidize the unexhausted developer in such a manner 
as to produce a body of non-dye-absorbing but. relatively soluble 
‘gelatine filing the spaces between the particles of developer-hardened 
gelatine. Oxidation may be effected by vigorously washing in water 
containing dissolved air, or by oxidizing agents such as potassium 
bichromate or ferricyanide, oxidation being controlled by regulation 
of the length and pH of the oxidizing wash, the concentration and 
PH of the bichromate or ferticyanide, and the pH of the developer. 
In un example an exposed film is treated for 31 minutes at 64° F. 
in a developer comprising 
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pees bee tenis 


Potassium Bromide, 
GIS | = Anmumoaiuin Chloride, 
002 5, Citric Acid, 


SUBTRACTIVE” PROCESSES 


After development the film is passed to. wast-tank through which 
‘water is circulated so as to be changed completely in about 10 minutes, 
the water entering at about 64° F. and with a pH of 6-5. The film is 
treated for 2 minutes and is next treated for 14 minutes in-a bath of 
ferricyanide of 14 per cent. strength, kept at a pH of 3:7 and a tempera- 
ture of 65° F., which oxidizes any renuining developer-and bleaches 
the silver image. After a further wash for 1) minutes in water at 65° F. 
and with a pH of 6°5, the film is fixed by treatment in a non-acidic 
sodium thiosulphate solution of normal strength and then etched 
by water at 130° F. 


EP, 410,733, Troland, L. ‘f,, and Technicolor, 1932. 

Grainless gelatine relief, suitable for imbibition printing, are ob- 
tained from silver halide emulsions of substantially uniform size 
of grain. To control the gradient of the relief, the emulsion is dyed 
and may be printed with light of a colour complementary to the dye. 
In sn example a silver bromide emulsion having a grain size of 0-!- 
04 micron is employed and js dyed with a mixture of tartrazine and 
naphthol yellow. 


# 480,173. Technicolor Motion Picture Corporation, Filed August 
7, 1936. 


Film gato with claw feed) mechanism and fixed registering pins. 
Margins of film confined during exposure and released during film feed. 


EP, 484411. Technicolor Motion Picture Corporation. Filed 
November 4, 1936, 

Gelatine film blanks for imbibition printing are prepared by treating 
the blank in @ solution of hardening agent, the pH of the film and of 
the hardening bath having been previously adjusted to produce a pH 
Value corresponding to the isoelectric point of the gelatine during the 
hatdening process, The film maybe subsequently washed in a bath main- 
{alned at the isoelectric point. The process may be used for imbibition 
Printing films for colour printing on a film on which a sound track kas 
already been printed. For example, the sound track is developed in a 
Hon-hardening developer (metol) and subsequently washed in water at 
@ pH of 7, fixed in neutral hypo solution, and again washed in water 
at a pH of 7. It is then hardened in a solution of chrome alum of 
50-S2'5 gm. per fitre having a pH value adjusted to 3.45 by addition 
of ammonia, and again washed. 





E-P, 487,941. 1.B. Corporation. Filed December 28, 1935. 
See above, page 473. 
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E.P. 492,673, Technicolor Motion Picture Corporation. Filed 
February, 12, 1937. 


Conversion of plane polarized light to elliptically polarized light in 
the prism system by the use of quarter-wave plates, 


E.P. 496,997. 1.B. Corporation. Filed March 10, 1937, 


Masking and processing of multilayer films of the Kodachrome 
ttipack type. Compensating the undesited absorption by colouring 
mater, for one colour aspect, of light which should only be absorbed 
by another colour aspect, characterized by forming for one of said 
‘aspects an uncorrected (for example, the green aspect) record constituted 
by light sensitive emulsion, developing a record of the other colour 
aspect (for example, the red record) to absorb fight to which the 
‘emulsion constituting the first record is Sensitive, and thereafter forming 
from said light sensitive emulsion record a developable corrected 
colouraspect record by exposing it through said developed colour 
aspect record in register therewith, said compensating exposure being 
festricted not to exhaust the light sensitive emulsion forming said first 
record. The complete job will depict the red colour-aspect of the 
original by the red light absorption of the eyan colour in one emulsion 
layer whereas the green aspect is depicted by the sum of the green light 
absorption of the said cyan record and the gréen-absorption of the 
magenta record in a second emulsion layer (Fig. 253). 


E.P. 536,396. Technicolor Motion Picture Corporation. Filed Sep 
tember 20, 1939. 


Compensating background projection prints locally by making & 
negative with local density, say in the centre, to compensate for" hot 
Spat "” projection defects, 


EP, $36,463, Technicolor Motion Picture Corporation, Filed March 
7, 1939. 


The travelling monet, or stainless steel, toothed belt on which the 
‘Technicolor printing by imbibition is accomplished with sucl perfect 
registration of the three printings is made the basis of a unique 
non-slip continuous printer. The endless belt, carrying its thousands 
of registration pits, travels around two drums. The printing ates 
are respectively placed at 9 o’clock on one drum and at 3 o'clock 
‘on the second drum, One gate is for sound printing and the other for 
the picture. The object of the invention is presumably to place the 
images during printing (of, sy, the matrices) in a position identical 
to that which they are destined to occupy when subsequently used as 
dye matrices for imbibition on a precisely similar belt (Figs. 2544-B). 
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E:P, 537,928, Technicolor Motion Picture Corporation. Filed May S, 
1939. 


Forming an under-exposed latent image in the film by undorexposure 
to visible light, intensifying the underexposed latent image by flashing: 
the film with infra-red radiation and developing the latent image 
whereby normal pictures may be obtained with sub-normal exposures. 


E,P, $40,296. Technicolor Motion Picture Corporation. 

Vapour treatment of cellulose film in the can to renovate or prevent 
shrinkage consisting of a solvent and plasticizer and a solid agent. 
Sa 
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‘The solidifying agent comprises soap and a fibrous material, such as 
asbestos fibres. 


E,P. 543,113, Technicolor Motion Picture Corporation. Filed June 
12, 1940. 


Differs from Nos, 307,659 and 353,962 in that the film matrix 
and blank film are brought into, contuct under water immediately 
before being drawn by the registering pin endless monel belt around 
the periphery of a drum, instead of travelling after contact along a 
horizontal path during tho imbibition period. It is claimed that 
this method increases the accuracy of registration by preventing 
slippage, and that it eliminates the airspace between the films by drawing 
(ea eopeaion tpi hy afi i hte Coates HC 
other, 


Be 543,129. Technicolor Motion Picture Corporation. Filed October 
8, 1939, 


Projection printer film miotion. ‘The film is moved from or on to the 
feeding teeth in u direction parallel to the axes of the teeth, comprising 
‘guide means for guiding film along a rectilinear path, feed means having, 
feciprocatory movement lengthwise of said path for advancing the 
film step by step, said feed means carrying the feeding teeth, reciproca- 
tory means for shifting said guide means in a direction perpendicular 
{o Said path whereby to move the film on to und off said teeth, and 
means for moving said tecth away from said path for threading pur- 
poses, 
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EP, $46,667, Technicolor Motion Piette Corporation. Filed May 1 
1940, 

Optical printing of mask and picture record by dircetly projecting the 
mask record on the picture record, adjusting the image of the mask to 
obtain exact register, and printing a portion of the picture record with 
the light imaging thereon the mask record, on an emulsion layer in 
contact with the picture record. Using a parallel glass plate for the 
obtaining of register of the single film on the two superimposed films. 
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Ham SArTIE Faesaaslor Moss Vestry Corporation, Filed January 
16, a 

Masked muttices by producing a latent image of a component scene 
46 a background field against a backing, in an unflashed emulsion, 
‘which is 0 sensitized and dyed that its density range corresponds to an 
exposure range which is a comparatively short intermediate section of 
the exposure range of the said component scene record by developing 
the latent image, renovating the gelatine which received an exposure 
below the said intermediate section, and rendering the remaining 
gelatine substantially opaque for the light to be used for printing the 
mask. 


EP, 549,141. ‘Technicolor Motion Picture Corporation. Filed No- 
vember 15, 1940, 

‘On multilayer film exposing at least two layers to print different 
colour-aspest records, und simultaneously flashing uniformly, thereby 
altering the contrast, characterized in that the flashing light reaches the 
‘multilayer film by way of a transparent reilector, light of predetermined 
colour from one direction being transmitted through the reflector 
Yo affect one of said layers, and light of different colour from a different 
direction being reflected by the rellector to affect another of said layers, 


£.P. 51,930, Tecicolor Motion Pitue Corporation, Filed February 
}, 1942. 

Registration means on a pin-belt printer, the pitch of the teeth being 
approximately equal to or a multiple of the pitch of the sprocket holes 
in the seating belt so that the seating belt is drawn towards the register 
belt by the fanwise movement of the teeth relatively to each other as 
the register belt is curved, thereby compressing the films into intimate 
contact. 








E.P. 552,008, Technicolor Motion Picture Corporation, 1943. 

Making a setting of. the Technicolor prism, comprising a method of 
adjustment affordinga precise way of equalizing the size of the direct 
and feflected images without requiring uny delicate adjustment in the 
camera, 


E.P. $53,197, Technivolor Motion Picture Corporation. Filed Sep- 
teimber 8, 1941, 

Making silhouette masks and complementary masks for use in the 
travelling mask process of composite cinematography characterized in 
that a plurality of frames are made of a foreground scene having a 
dummy background during each period of kinematographic analysis 
having different latent image characteristics as required for the produc 
tion of silhouette masks and complementary masks by known methods. 
Said characteristics being obtained by varying the illumination of the 
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foreground, said variations being made in synchronism with the inter 
mitterit movement, during each period of kinematographic analysis 
of the camera mechanism by which the ssid plurality of frames is made. 


EP, $56,631, Technicolor Motion Pieture Corporation. Filed June 15 

Sound tracks and multilayer film. Lacquering sound track area, or 
picture area, processing the other zone with one or more solutions, 
removing lacquer with solvent, processing the first zone with one oF 
more liquids the first of which is immiscible with said solvent and inter- 
mediate, said last two steps removing said solvent with a solvent miscible 
with said solvent and also with sid one or first liquid. 








Lacauer 

Nitrocellulose (20-40 second). 16 Aimy! Acetate a 
Ester Guin s Ethyl Alcohol 3 
Dibuayl Ph 5 Toluene 4 
Butyl Acct 2B Carbon Black, 2 
Butyl Alcohot nz 


E.P. 561,822, ‘Technicolor Motion Picture Corporation, 1944, 

‘A machine for inserting pins in a belt having a series of pin openings 
characterized by feed means for intermittently feeding the belt along a 
predetermined path, register means including a pilot pin fitting. suid 
‘openings for accurately positioning the belt between the intermittent 
food steps, ind means aligning with one of said openings when the belt 
is positioned us aforesaid for inserting a pin in the opening. (The 
manufacture of pin belts.) 


EP, $63,737, Technicolor Motion Picture Corporation. 3 pp. Filed 
in the United States May 4, 1942, and in Great Britain May 4, 1943, 
Granted August 28, 1944, 

A pin-belt machine is described on which films may be registered as 
for printing from one film to another either photographically or by 
imbibition, To keep the metal belt from slipping on a pair of end 
supporting rollers or drums, these supports are perforated and provided 
with an airtight casing extending about that part of the roller which 
‘normally supports the belt. By applying suction to this area, the metal 
belt is firmly held on the support against slipping. 


EP. $63,834. Technicolor Motion Picture Corporation. 

Printing pictures on a dye-absorptive blank by imbibition charac- 
terized in that before printing the pictures from the imbibition matrix 
the blank is treated to produce in it a differential hardness which varies 
inversely as the density of the colouring matter over the area of the 
picture. 
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EP, 565,384. Technicolor Motion Picture Corporation. 4 pp. Filed 
in the United States November 11, 1942, 

To provide a mask for colour correction in making three-colour 
subtractive prints, whereby the mask may be exposed with light of 
any desired spectral range, which may or may not be the same as the 
range of one of the colour-separation records, and whereby the mask 
may be processed along with the colour-separation records so that 
the mask and the colour-sepsration records will shrink to the same 
extent and will be available at the samo time for printing. A coldur- 
separation latent image and a colour-correction latent image are 
produced simultaneously by exposing two films to different portions 
of the same light transmitted along a common optical path and thence 
along branched paths to the two films respectively. The films are 
subjected to processing treatment that has’ like effect upon their 
size and that causes the latent images 10 form colour-separation and 
colour-correction records of opposite sign: The records are then used 
in combination to print a colour-corrected picture, For example, 
4 motion picture camera may be employed which has a single, semi- 
transparent, reflecting surfuce or beam-splitter, in one beam of which 
‘4 multilayer film is exposed, and in the other beam of which a panchro- 
matic film is exposed through « yellow filter. The multilayer film is 
processed to a positive and the panchromatic film to a négative. 
‘The two are used in combination {0 print colour-corrected separation 
negatives, 


EP, 565,385. ‘Technicolor Motion Picture Corporation, 4 pp. Filed 
in the United States November 26, 1942. Granted November 8, 1944, 

To introduce colour correction and a fude-in at the beginning of 
scone, a fade-out at the end of a scene, or dissolve or wipe at the 
junction of two scenes in w subtractive colour motion picture print, 
nd at the same time to reduce the number of steps necessury to secure 
these results or the number of stnge-product films required for these 
purposes, a colour-separation record is formed on one film, @ coldur- 
correction récord or mask on another film, and successive frames aro 
gradually blocked out throughout a short length ut one end of the 
masking film, and a colour-corrected picture is printed through both 
of these records, The blocking out on the masking film is preferably 
effected by dyeing. 


EP, 565,836. ‘Technicolor Motion Picture Corporation. 6 pp. Filed 
in the United States April 24, 1942. Granted November 30, 1944. 

To overcome faulty register due to uneven spacing of tecth'on a 
cartier belt used in the imbibition printing of motion picture films in 
colour from separate mattices or in the stripping of the several layers 
of multilayer motion picture colour record on to separate supports, 

495 





COLOUR CINEMATOGRAPHY 


the separate films are registered with the single film on the toothed 
carrier in such « manner that the same teeth engage the corresponding 
sprocket holes of each of the separate films and of the single film with 
Which they are registered. 


EP. 565,838. Technicolor Motion Picture Corporation, 5 pp. Filed 
in the United States April 24, 1942. Granted November 30, 1944, 


A method is deseribed for stripping an emulsion layer from one film 
to another without injuring or distorting the emulsion layer, and for 
positioning it on the new film in the same relationship to the sprockét 
holes us on the old film. It affords precise registration and permits 
the transfer of the layers of a multilayer film after they are exposed 
and before they are developed. The outer face of the layer to be stripped. 
is stuck to the new base, the adhesion between the layer and the original 
base is weakened, and the layer and the original base are peeled apart 
in a single apparatus, the layer being stuck to the new base and at 
least the latter part of the weakening of the adhesion to the original 
base being effected while the two bases are travelling in superposition 
ona carrier which may be endless, and which has a succession of register 


teeth to hold the bases in register by engaging the sprocket holes of 
both films. 





EP. 569,426, 


A system of printing 16-mm. pairs of images on one 35-mm. film 
Perforated with 16-mm., perforations spaced -93 in, tom the edges. 
‘The film is slit, after printing and processing, longitudinally along its 
centre line between the two rows of pictures and trimming off the 
Protective edges. A sound track may be printed inside each row of 
Pictures before the film is slit. The pictures may be formed ia relief 
and the 35-mm, film used as a dye-transfer matrix bofore or after 
slitting, The sound tracks may be printed by imbibition or in silver. 


US.P. 2,352,914. Racket, G. F_ Assigned to Technicolor Motion 
Picture Corporation. Filed November 15, 1940. Granted July 4, 1944. 
A photographic printing apparatus comprises means for guiding 
4 film having two differently sensitive emulsion layers, together with 
@ colour separation record to be reproduced, past a source of printing 
light, means for projecting the printing light beam throtgh the record 
towards the film to be printed, and a light-source providing two beams 
of flashing light of two spectral ranges respectively, there beisig 
‘means in each of the Mashing besms for controlling the intensity and 
spectral range of the beams. Duplicate of E.P. $49,141. 
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ULS.P. 2,357,924, Andreas, J. M, Assigned to Technicolor Motion 
Picture Corporation. Filed February 20, 1941. 

Photographic colour records printed in superposed relation by the 
dye-transfer process are corrected for insufficiently strong absorption 
Of light at the fur red end of the spectram by the cyan dye, by printing 
the magenta and cyan dyes in registered superposition, and by printing 
the yellow record in a mixture of two dye components, one component 
absorbing blue light and the other component absorbing deep. red 
light, the ratio of the two components present in all densities of the 
record being approximately constant and in an amount sufficient to 
reduce the preponderance of red in the finished record. 


U,S.P, 2,363,689. Racket, G. F, Assigned to Technicolor Motion 
Picture Corporation, Filed March 2, 1943. 

A colour-corrected print is made from @ colour-separation record. 
by forming a colour-correcting record of the image on the face of a 
masking film, forming random irregularities (¢.g., by spraying trans- 
Parent lacquer) on the back of one of the films, and’ then printing 
‘corrected record on another film, The three films are pressed together 
in superposition, and the colour-separation film is intermediate 
pee the other two films in back-t-back contact with the masking 





U,S.P, 236,267. Kienninger, J. F, Assigned to Technicolor Motion 
Picture Corporation. Filed May 1, 1940. Granted January 2, 1945. 
In making a print from a masked original film, a projection printer 
is employed and the masking film is fed through the first film gate 
and projected by the objective lens on to the second film gate, through 
Which the original film and the print film stock are fed simutiancously 
and in contact, Thus the printing light passes through the masking 
film, then through the tens, and finally through the original film 10 
the print stock. The projected image of the masking film is adjusted 
for magnification with respect to the other two films, but no change 
is made in the focus of the projected beam. This adjustment: may be 
effected by means of an optically fat glass plate in the light beam which 
may be inclined at different angles to the optical axis. 


U.S.P, 2,369,176. Rackett, G. F. Assigned to Technicolor Motion 
Picture Corporation. Filed April 24, 1942. 

In imbibition printing, or in transferring emulsion layers from one 
support to another for colour cinematography, the supports on Which 
the transfers are made are successively carried on.an endiess-pin belt, 
the same tecth of which engage corresponding perforations of the 
Supports of the several colour components to ensure accurate registry, 
Sce EP. 535,836. 
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FP. 880,737. Technicolor Motion Picture Corporation. Filed in the 
United States February 20, 1941, und in France May 2, 1941, Taken 
from Chem: Zentralblatt, 115, 632, Part 1, 1944. 

To remove the red cast from subtractive multicolour pictures, one of 
the three component images is given un additional absorption for the 
extreme visible red region, This can be done by using a dye which 
shows a secondary absorption maximum in this region or by using 
amixture of dyes. For example, for the blue image a mixture of bril 
yellow and naphthol green may be used, the naphthol green furnishing 
the desired additional red absorption, (Translation of the German 
abstract.) Corresponds to U.S.P. 2,357,924, 


FP, 885,017. Technicolor Motion Picture Corporation. Filed in the 
United States January 16, 1940, and in France October 30, 1943. 
Taken from Chem. Zentralblatt, 115, 1360, Part 1, 1944, 

In a combination taking process a latent image of one of the two 
elements of the combination (e.g. foreground and background) 
is produced on a light-sensitive layer which shows marked sensitizing 
maxima for two colours (e.g., blue and red), while the corresponding 
clement is illuminated with one of the colours. The image so produced 
is developed in a tanning developer and dyed. In the same way the 
image of the other element is produced in the other colour, (Trans- 
lation of the German abstract.) 














‘The Technicolor organization in England has issued the following 
instructions for the preparation of three-colour cartoon negatives by 
the suscessive-frame method. 

“The following notes are intended for the general guidance of those 
producers intending the preparation of cartoon or animated puppet 
films for reproduction by Technicolor who have not previously sub- 
mitted lests of their successive-frame negative. They are not intended to 
‘serve as specifications for film-strip or slide film material, which requires 
a different type of procedure in many ways, although the general 
procedure for the preparation of successive-frame negative for flm-strips 
is closely related.” 





1, Camera 

Iis desirable that the negative aperture of the camera used should 
conform 10 the recommendations of the Society of Motion Picture 
Engineers, that is, with an opening 0868 in.0631 in; (or 22 mm.% 
16 mm), placed so that the non-track edge is 0-010 in. from the perfora- 
tion holes of the film. 

I is essential that a camera mechanism of very high precision making 
‘use of a register pin movement be employed, since it will be realized that 
any inaccuracies of positioning the film between successive exposures 
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in the camera gate will result in colour fringes in the final print. Ttis.aiso. 
essential that the single frame mechanism by which successive exposures 
tare made should be extremely accurate so that there are no irregularities 
of the exposure given to the film as each single frame is photographed. 

‘A test of the general suitability of the camera: mechanism consists 
in photographing a chart with a-series of ruled lines in the form of a 
rid, using the negative stock and camera set-up intended for produc 
tion, but without the use of colour filters. About 100 ft. of negative 
should be exposed with the chart rigidly mounted, after which the film 
should be wound back through the camera and te-exposed with the 
chart again rigidly mounted in 2 position very slightly displaced from 
the first position. This negative shauld then be developed and a print 
made and projected, or the actual negative itself can be projected. The 
result on the screen should be perfectly steady, without fluctuations oF 
density or relative movement between the two images of the chart. 
Variations of density most probably indicate an irregularity of the 
exposure mechanism while relative movement of the chart images shows 
that the film registration or film teansit mechanism is wt fault. 


2 Camera Filters 

For printing by Technicolor the three exposures must be made 
through cofour filters in the order Blue, Red, Green. This is absolutely 
essential. The Wratten A, B, C series of tricolour filters or their equiva~ 
ent should be used and we recommend Wratten filters Nos. 25, 58 and 
47. Itis very important that care is taken in the mounting and arrange- 
ment of these filters in order that the resultant image should conform to 
our standards of image size and position, Unmounted gelatine filters 
are most satisfactory from this point of view except under conditions 
where buckling is likely to occur through humidity changes in the 
camera room. If the filters are mounted in glass, optical flats must be 
used and the thickness of each of the three filters should be identical. If 
the mounting of the filters is insecure or they are'allowed to occupy any 
position other than one strictly perpendicular to the optical axis of the 
camera the images on the film may be displaced relatively one to the 
other and this will result in colour fringes through lack of registration in 
the final print. 

To check these points the test outlined in the first section should be 
repeated with the filters in position, the second exposure of the displaced 
chart being made with the negative displaced by one frame so as to 
re-expose cach frame through a different filter, On projection of the 
result the combined image should remnin perfectly steady with no 
relative movement between the two imaves of the chart. If relative 
‘movement is found in this test, although the previous test of the camera 
mechanism was satisfactory, the filter mounting and alignment must be 
ery carefilly checked to ease that they are exaely perpendicular t0 
the lens axis. 
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3. Lenses 


It is naturally essential that only fully colour-corrected lenses should 
bbe used for this type of work and colour prints are likely to be un- 
satisfactory ifthe definition of the resultant negative falls below 50 lines 
per millimetre in any of the three exposures, The maximum photo- 
‘graphic sharpness should be obtained for the green filter image in order 
to obtain the best general definition and equality of size of image, but 
it is desirable that a sample piece of negative should be submitted for 
measurement of size, definition and register since not all lenses are 
perfectly suitable for this purpose. If possible this sample should 
include an exposure of the standard Technicolor cartoon test chart, 
which includes a definition fan and register points, photographed so 3% 
to appear on the film approximately 1/18th of its original size, 


4. Negative and Exposure 

Supersensitive panchromatic negative stock closely duplicating that 
manufactured by the Eastman Kodak Company at Rochester, New 
‘York, and perforated with standard Bell and Howell negative perforu- 
tions should bs used. It is important that the tolerance of perforation 
dimensions recommended by the Society of Motion Picture Engineers 
(S.M.P.E,, 1, 1941, the same as American Standards Association Z 22, |, 
1930) should not be exceeded. Kodak negative materials Background 
—X and Plus —X are both very suitable but care must be taken to 
avoid grain in the processing of the faster types, such as Super —XX, 
which is not therefore recommended for normal work, 

‘The developer used should he a fine-grain borax developer and the 
time of development should be such as to produce a contrast equivalent 
to a gamma of 0:65 when measured by a diffuse density measuring 
instrument, such as a Capstalf-Purdy densitometer, on a test strip 
exposed on an Eastman type IIB sensitometer with the light source 
adjusted to mean noon daylight. Care must be taken to avoid a high 
fog level on the negative: with normal gray base negative material the 
combined base and fog density should generally lic within the range 
0:30 to 0:35 and should not be allowed to exceed 0-40. 

‘The Jevel of exposure given should be such that the diffused density 
of the image of a flat white object on the green filter frame should be 
between 1.05 and 1-30 after subtracting the combined base and fou 
density. ‘The actual density read should therefore be of the order of 
150, 

tis important that the balance of exposure through the three filters 
should be so adjusted that the gray scale of the Technicolor test chart is 
reproduced as approximately equal density in each of the three frames; 
the imuge of a white or gray card which has a density of 1-00 in the 
frame exposed through the green filter should not differ on the red and 
‘blue exposures by more than 0-10 in density. 
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5. Lighting 

The exposure balance referred to above can be achieved cither by 
adjusting the illumination used, making use of colour filters on the 
lamps if necessary, or alternatively by the use of neutral gray filters 
mounted in combination with the three colour filters of the camera. 
1f normal type half-watt incandescent lamps are the source of illumina~ 
tion @ balanced exposure will usually result from the use of a neutral 
gray filter of 25% transmission in combination with the fed filter, and 
1 75% transmission neutral with the green filter. 

Tneandescent lamps run at normal voltages are the most suitable form 
of illuminant, but care must be taken to maintain the voltage constant, 
since fluctuations during exposures will cause variations in density or 
colour in the final colour print. 

The use of fluorescent gas-dischurge type lamps is not recommended 
and these should not be used without extensive colour tests, since the 
deficiency of light in certain parts of the spectrum may cause the ut 
satisfuctory reproduction of some hues. 

If coloured lighting is used for special effects, such as moonlight or 
firelight, it is desirable that the charts should be exposed to normal 
lighting only. 


6 Photography 

Icis important that at the beginning and end of each scene photo- 
graphed, a short section, say one foot in tength, should be exposed on a 
Technicolor test chart, so that we can oblain the information on 
photographic balance, exposure level, development and filter compo- 
nents which is necessary for colour printing. These charts should be 
stored carefully ¢o as to preserve them in-a clean condition and avoid 
fading. 

Each take of every scene should be identified by a card or state with 
the name of the production and the number of the scene and take, 
photographed to length of at least three linear feet (i.e. sixteen cycles 
of colour exposures). If for any reason, such as camera trouble of 
incorrect section, it is necessary to stop the camera in the course of 
Photographing a scene and repeat a section of the action, the defective 
section must be identified by photographing a card marked" Cut Back "* 
on whichis written the number of gestive frames be removed before 
printing. 

Ifa defective scene is later re-photographed, either in full orin part, a 
new ike number should always be wsed to avoid confusion with previous 
work. 

It is desirable at the end of each scene that photography should be 
continued for at least a further three linear fect after the last frame of 
action required in order to avoid the possibility of handling damage 
during assembly for printing. 
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Te should be noted that as far as possible fades and dissolves should 
be undertaken in the camera at the time of photography, since although 
it is possible to make these in successive-frame negative by optical 
printing in the laboratory the range is necessarily limited to uhe sityplest 
effects and the process may involve considerable delays and loss of time 
in the compietion of the picture, Wipes iris masks, and superimposition 
effects, cannot be undertaken by laboratory work. 


7. Despatch of Negatives 

All negatives submitted for printing must be clearly identified as 
developed or undeveloped and should carry the ume of the producing 
company, the name of the subject, an. order number, and note of the 
prints required. Whenever possible « few typical drawings, models, ot 
celluloids, should be supplied as a guide to the colours used. 

‘The negative must be substantially free from scratches, finger prints, 
abrasions, etc, on the base, or emulsion sides, and should not be cupped 
or otherwise distorted by drying conditions. To ensure this the rolls 
‘must be evenly wound on a suituble centre, carefully wrapped in tissue 
Paper, and packed firmly into seourely taped cans preferably containing. 
a small piece of camphor in a cloth bag. Where severil sections of 
negative are wound on one centre the ends should not be clipped to- 
gether with metal or wire paper clips, as this teads to cinch marks and 
abrasions during transit, 

Itis important that rolls of negative should not contain splices, since 
these have t0 be made by Technicolor, in order to run sitisfactorily 
through our special printers, 


8. Assembly. 

Where a film has been photographed us a number of separate scenes 
which have to be put together in the final editing, an assembled black- 
and-white or colour positive cutting copy representing the finished 
assembly must be supplied to Technicolor for the purpose of matching 
the negative. If a black-and-white print is provided itis important that 
this should have been printed by Technicolor, since only our prints will 
have the coded edge numbers on them corresponding to those which 
‘we put on the negative. 

In delivering sound (rack negatives or prints to match the picture 
cutting copy, care must be taken to se¢ that they are adequately marked 
to indicate the synchronization requited when printing the two together. 

‘As fur as possible, in successive-frame work, reels of assembled 
negative more than about 1,000 ft. in length in one section should be 
avoided. This corresponds to 4 positive print length of about 330 ft, and 
if the completed picture is greater in length than this itis preferuble to 
‘use the negative in two parts, and (0 join the positive prints before 
despatch. ‘This is because the storage and handling of recls of assembled 
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negative greater than 1,000 ft. in length is very difficult for use, and the 
possibility of damage is greatly increased with large reels. 


EP, 101,972 
127,308 
142 
132/840 
184,329 
194,971 
204,004 
20.44, 
21918 
212134 
238.445 
21.082 
263,331 
263,650 


(End of Technicolor instractans.) 


BRITISH PATENTS OF TECHNICOLOR, 


‘Suoststively-exposed image pairs on one film—placing of, 
Prism Systemt (Comstock, D. F.). 


Detsty control ty coloured light (Comstock, D, F.). 
Cementing of double width Alm. 
‘Arranyernent of images in prism syaern. 
Dillerentiat hardening. 

‘Metal strip backing prior to processing, 
Processing by flotation of film. 

Prism System. 

Registration for cemented films, 
Apparatus for processing reliet film. 
Toning. 

‘Tooing, Dye. 

Apparatus for printing: matrices. 
Purification of imbibition dyes. 
‘Hardening of blank for imbibition, 


Inbibition printing apparatis. 
‘Cleaning film matrices. 
‘Skip printee for matrices. 

Matrix printing from lenticular film, 

Silver sound track and picture dye image (Troland, LT, 
Dye Toning. 

Positive and negative tens combination. 

Prism and fiter combination, 

Prism system. 

‘Achromatic lens system, 

‘Alternate exposure of two colours and a thint colour. 

‘Prism divider for three separate films, 

Pin Belts, soldering of pins, 

in Bele arrangements, 

Hardening films Cor imbibition, 

‘Colour filters. 

‘Multilayer film for relief printing. 

Prism and film arrangements. 

“Muttices printed from two colour negatives: 

Processing of matrices. 

Fitters and prism system, 

Differential depth toning. 

‘Semitizing of matrices. 

‘Treatment of ratrices. 

Beam-spliter camera, 

‘Emulsions for matix film. 

Prism systems, 

‘Cainer Gate, 
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484411 
492,673 
534,561 
$36,356 
536,396 
536,403 
$36,464 
536,465 
537,802 
S398 
538,080 
‘8,608 
538,744 
538,900 
530228 
$40,296 
0474 
S413 
543,129 
44181 
Saray 
‘545207 
546,667 
547.216 
‘sagiiy 
49.544 
$550,688 


551,930 
552,008 
$53,197 
$556,681 


561,822 
562,120 
563737 
$63,737 
563,814 
364,532 
$64,532 
SohoH 
565,384 
50s;385 
$65,836 
365,838 
509,426 
399,710 
00,681 


01,867 
04,256 


Gor,792 
6127730 


‘Treatment of blank. 

Priam system and polarized light, 

Photometer. 

‘Take-up. Automatically variable tension, 

Dark centre print for backprojection plates, 

ios Belt Printer. 

Pola scroen preset light change, 

Polaroid yereen and light intensities. 

‘Tech, Mot. Pic. Corp. Feeding two films into one gute. 

Post Fogging with Infra-red, 

View-Finder. 

‘Tech, Mot. Pie. Corp, Masking System, 

View-Finder, 

‘Tech. Mot. Pic. Corp, Haze cutting in aerial photography. 
F ‘8 Twos yielding three-colour record. 

Solvent iis for treiement of lms. 

Register Glass for printing. 

Imbibition Machine. 





Pin Bolt. Method of Register, 

‘Coniposite photography, 

Masking by composite matrices. 

sh eapoite on Mule Fi, 

‘Tech. Mot. Pie. Corp. Imbibition printing: 

my» Modifying spectral transmission ‘of 

imbibition dyes. 

in Bett 

“Making and setting up of piss, 

Composite Photography. Travelling Matte Process. 

Sound tack lacquer, To protect a sound track image daring 
processing of the colour picture image. 

Machine for inserting pins in belts 

Fade device. Shutter, 

‘Vacuum meats on Pin Belt, 

Tech. Mol. Pic. Corp, imbibition registration, 

Differentially hardened blank, 

Back Projection Seren. Palcel 

“Teck, Mot. Piz, Corp. Back projection ilumination. 

Filln Magazine, 

Masking in ‘in fryer Ans wed in pram systems 


Regios spb ton pl bh 
Stripping Vili, 

A6-anm, Printing. 

Tech, Mot, Pic Corp, Dye Transfer Machine, 


4 ow Blank film incorporating marginal 
‘cet subsequently reovable, * 


Casting i plastic fra upon surfice of an insbibition matrix 
and wubsequenthy st 
‘Tech, Mot. Pe Corp. Producing fob eyanide soundtrack 
{n-an imbibition film. 

‘Tech. Mot. ie Corp. Stable Muearein dato dyes 

ees wr? Pratng soondack for ate 
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616,168 Tech. Mot. Pic. Corp. Variable speed control for syachron= 
of imbibition machine. 


‘king 

616,178 Tech. Mot. Pic, Corp. Continuous printing of sound-irack 
‘0 films carried by pin-belt. 

626,319 Tech. Mot. Pic. Corp. Double-coated relief film and flior- 
‘exent layer. 


628,847 Tech. Mot. Pic. Corp. Double-costed relief film and fluor- 


Also see: 
18. Corporation 
EP. 487,941 Imbibition printing machine of the pia-belt type. 

EP. 496.997 Masking and processing of multilayer films of the Kodachrome 


Eastman Kodak 
EP. $74,138 Apparatus for stripping single layers of a multilayer fil 10 a 


ious 
1915 
196 
1916 
1917 
1917 
1917 
1917 
192) 
1932 
1923 
192) 
1925 
1935 


‘event layer. 


ype. 


‘new film carrier 


ED. 574139. A multilayer film, the layers of which may be stripped. 
USS. Technicolor Patents (partial) 


1,196,080 
1,390,983 
183,325 
1,493,246 
(ssi3ts 
1570/80 
1373595 
11573,596 
1583;108 
1,396,808 
1,607,440 
1(677,308 
1,977,310 
1,696,409 
17707.695 
1,707,699 
1,207,710 
1,716,989 





File treatment (W. B. Westcott) 

‘Dye composition (EJ. Wall, H. Kaimas, et) 
‘Colour sensitizing (E_ J. Wall, $. Kalmus, ete.) 
S = GA Balt, 

* t(D. F, Comstock) 


ew LT. Troland). 
(B. F, Comstock) 
ALT, Troland and J. Whitney), 


(W. E. Whitney.) 
Ambibition Machine (D, Comstock). 
for printing (LT. 


Registration roland). 
Imbibition printing G8, Sugden and B.S. Tut), 
‘Multilayer files (LT. Trotad). 

Optical system (LT. Troland), 

Dyeing fla (L. T. Troland). 

Colour Camera (J. A. Ball). 


Imbibition printing (B. Sugden and B. 8. Tuttle). 


Imbibition Reliefs (LT, Troland and W. S. Eaton), 
Reliefs (LT, Troland). 


pparatus (3. Aull. 
Mulilayer Fin (LT, Trotand 
Pincbelt UH. Whitney). 
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1934 1,957/128 Beam-spliter prism and view-inder (J. A. Ball), 

1930 1,974/935 Lacquering (L, T. Troland), 

1934 1,974,979 Optical means for compensating distortion when combining key 

and colour print (J. A; Ball) 

1933 1,993,576 Monopack (L. T. Troland), 

1930. 2013.16 Matrix (1. T. Trotand). 

1934) 2,046,320 Hardening gelatine ( —~ Blarbynk). 

1933 2,068,879 

1937 ‘The Technicolor Camera (J. A. Ball and G, F. Racket), 

1937 2085877 Sound Records and Imbibition (LT. Troland), 

AGT 2a ee erat cs 

1935 2,147,683. Comstock ind Westcott Tne, 1.8," Machine). 

1939 2,182,142 Prism and Polarizer. 

1940 2,189)932 Prism (J. A. Ball and W. E. Pohl), 

1940 2,189,933 Prism (J, A. Ball and W. E. Pohl). 

1942 Colour Miskitg using integral tripack und bipack in a Beam 
splitter (@. F. Racket). 

Endless belt printer (G, F. Racket), 

Projection soundtrack printing (G. . Racket), 








toas 
1943. 





Remarks 

Considering the patent history of ‘Technicolor as a whole, 
Wwe are able to follow the evolution of the present process very 
clearly. We can see how the experience gained during the period 
‘when cemented dyed retiefs were being used must bave prepared the 
way for the decision to use such reliefs for imbibition printing instead 
of using the dyed relief itself as the final product. A cemented pair of 
films must have been very unsatisfactory as a finished film. No doubt 
‘contraction troubles would have been experienced as the film aged, 
and projectionists would have experienced difficulty in focusing 
owing to, the buckling of the film. It is interesting to observe the way 
in which various prism systems of some complexity had to be rejected 
in favour of the simple block of two cemented 45° prisms, 

‘The class of colour obtained is recognizable Technicolor colouring. 
Indeed, in a Way, it has the same result as the specialized technique of 
patinter which is the outcome of personal methods of pigment mixture 
und brushwork, the subtleties of which often defy analysis, but the effect 
is unmistakably apparent ina given artist's work. We can already 
say of colour film processes that they have a look of * Technicolor,”” 
by which must be meant a peculiar quality of colour due to the limita 
tion of all colour tones to a restricted region. Probably art directors 
of the near future will be able to choow between several equally good. 
provesses, their choice finally being dictated by consideration of 
‘thetic taste alone, based upon an individual preference for the colour 
character of a process, It remains to be seen whether a tendency to 
stylization or conventionalization due to any inherent limitation in a 
process will be a valuable fuctor or otherwise. 
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Considered as a technical achievement, the Technicolor. process 
is a monument to the unswerving determination of the group of 
technicians responsible for its development. They must have encoun 
tered immense difficulties. Anybody who has ever attempted to make 
8 colour print by imbibition must realize the tremendous task with 
which these men were faced. If the yarious alternatives are examined 
‘as they must have presented themselves in the lute nincteen-twentics, 
it ssems that imbibition is almost the last method which would have 
been chosen, Our unstinted admiration should be accorded to 
Dr. Kalmus and his brilliant ussociates (6). 


‘TecHNICOLOR PATENTS FOR OPTICAL SysTEMS, FTC. 











(Partial List) 

EP. 101,972 «Westcott, W, B., and Techicolor 1915, 
EP, 127,308. ‘Comstock, D. 1917 
EP, 131.422 ~ Comstock, D. 1918 
EP. 194.971 “ - “oe aaa 
EP 22134 ” fee 1923 
EP. 347,946 = Ball, J, A., and Technicolor 1930, 
EP, 350,112 ‘Troland, LT.. and Technicolor 1930 
EP. 350.320. Bull, J. A., and Technicolor 1930 
EP 351306 | 




















Light intensity 
Ep, 538,080 ‘Tech. Mot. Pic. Corp, Viewfinder 1940 
EP, $30,744 Soa a 1940 
EP. $52,008 te te, Peis adjustment 1942 
USP. 1390.98 tock, D, F., lind Technicolor 1921 
USP, 1451,325 |, and Technicolor 1935 
USP. 1495246 Comstock, D. F., and Technicolor 1933 
USP. 1541315 \ Ball, J. A., and Weaver, W. V.,and Technicolor 1925 
USP. 1,738,095 <. ‘Tech. Mot. Pie. Corp. "Priam System (earlier) 1925 
USP. 2072091 -- The Technicolor Camere. (all J: A.s and Racket, 

GF) 
USP. 2182142, Prism and Polariser, (Ball, 3. A) 1939 
USP. 2189932 |) Prism. (Ball, J. A. wnd Pohl, W. E) jo 
USP. 2109933 now 1940 


References 
(0) Kectey, Wastian ¥, D,, Journ Soe. Mot. Pie. Bng., 10, No, 27, p. 238, 
Inbibition Coloring of Motion Picture Files, 
2) Ives, FB, Journ, Soe, Mot, Pic. Bie, 10, No. 25, p74. Ives claims that the 
‘dye imbibition process of Technicolor is substantially the method described 
Jn his USP, 1,186,000, 1925, 
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(3) WALL, E. JL, The History of Tiree-Color Phovoxraphy, p: 356. 
(8) Watt, E.3,, The History of Three-Color Photography, p. 638, 
(5) Dinexsnast, W. F, Brit. Journ. Phot, 37 (1890), pp. 516, $42. 
Kreuleer’s Zeitschrift fr Photographie, 3 (1861), p. 182. 
(©) Trowaxo, L. 'T., " Some Prychological Aspects of Natural Color Motion 
Pictures,” Journ. Soe. Mol. Plc, Eng, MN, No. 32 (1927), 
See alo: 
Report of the Color Committee : Jown. Soe. Mot. Pie, Eng., 16, No. 2 (1991), 











1. 219, anid 18, No, 6 (1932), p. 792 
(1) Kana, HT, Technicolor Adventures in Cinenitund,** Journ, Sie. Mot 
Pe, Bg, Bh, No. 6 (1938), - 564 
Hourumn, J, * Technicolor Photography under Water," Aimer. Cima, 30, 


4 (April 1949), p. 122. 
Haxson, W, T and Ricury, F. A.,"* ‘Three-Color Subiractive Photography,"” 
Journ: Sve. Mot. Ple, Eng. $2, No.2 (Feb, 199), ps 119. 


Thomson Color . 
(Paris) 
‘Camera.—The original record is said to be made on lenticular film. 
Printing.—Positive separations are made on panchromatic double- 
couted film by optical printing direct from the lenticular film. ‘The 
printed images on either side of the double-coated film are toned 
Tespectively yellow and cyan with thio-indoxyl and ferricyanide. One 
side is subsequently re-emulsioned, exposed by optical printing to the 
appropriate lenticular element, developed, and nickel-toned magenta 
(nickel dimethylglyoxime). 


CHAPTER 5 
Colour-Camears and Beam-Splitting Systems 





Atteinpt the end and never stand to doobt; Nothing so hard but search will ind 
tout, Hiennicx. 


HE early attempts to obtain several images of the same subject 
for the purpose of recording three-colour negatives all indicate 
an apparently wilful disregard of elementary optical laws. 

Patent after patent proposes the use of several lenses side by side, 
or one above the other, or in trefoil arrangement, without any auxiliary 
optical element being’ introduced to correct the inevitable parallax 
which must then occur. Du Hauron himself proposed to. use three 
tenses side by side (1), but he was quite aware of the existence of 
Parallax error. Such parallax is eventually visible in the final colour 
picture as a coloured fringe, which is due to the lack of geometrical 
coincidence between the different points in various planes of the subject 
a6 Viewed from two or more angles from which the respective colour 
records were photographed. This fundamental defect is made clear 
to the non-technical by a simple experiment. Cover the left eye, 
‘and with the right eye note the position of some object in the foreground 
(@ telegraph pole, for example) with relation to some distant object; 
then, without moving the head, cover the right eye and with the left 
eye note the relative positions of the two points once again. They 
will be found to have altered their relative positions with respect 
to cach other to a marked extent. The parallax fringe around any 
object when the separate images are superposed in a completed colour 
picture is given by the formula (2): 


Paral» Foss ener of Lens = Kame Seperation 


CLASSIFICATION OF BEAM-SPLITTING SYSTEMS 
1. One Lens. Beam divided Once or Twice between Lens and the Film, 
‘A. Pais Buock. For two gates at right angles to each other. 
Single film in one gate und bipack in the other for three- 
colour; or a single film in each pate for two-colour, Semi- 

reflecting surface on diagonal plane of prism cube. 

B. Prism Buock. For three gates and three separate films, 
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C. RorATING Minnors. For reflection to two or more gates. 

D, Reflector on ReFLectors, Images of standard dimensions 
disposed vertically one above the other on one film suppor. 

E, Remsctor ox Rerluctons, For two gates or three gates. 
(These might be pellicles, for example.) One fim in each 
gate. 

F, Rertecron on Rertzcrors, For singlo gate, ‘Beam divided 
to expose front and back of film simultaneously. 

G, Prisss, Refactor, on RErLECTORS, For two or more sub- 
standard images on one normal frame, 






FILTER: 
Red and 


MueLight FILTER + 


Greer Light 
[cay 


Fic, 256.—Technicolor Beam-Splitter according to E.P, 398,339 and E.P. 373,42, 


2. Two or More Lenses without Beam-Division, 
Lenses generally sawn off to bring axes closer together. 


3. Two or More Lenses behind a Prism System for Beam-Division, oF 
behind a Partially Relfecting Mirror or Mirrors, 

‘A. Disposed vertically one above the other, Images of standard 
dimensions, necessitating pulldown of two or three 
frames for cach exposure. Two-lens systems used with 
bipack will provide three-colour negatives in each pair 
of frames. 
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B. Disposed horizontally for two or three films, each in # Separate 
fie yt in the am plane ee, the films are run side by 
side, 

©. Disposed horizontally, the images being recorded on extra- 
‘width film. 

D, Two oF three pictures of substandard size in the space of 
one normal frame, 

E. Two pictures in the space of one normal frame, but their 
axes turned lengthwise to the film, 

F, Two images of normal size disposed vertically one above the 
other. Pull-down normal and each picture exposed. twice 

. once in each gate. 

G. Disposed at 90° to each other, ort some other angle. Separate 
gates and normal pull-down. 

H. Rotating mirror divider in front of two or more lenses, 





4. Two or More Lenses behind a Negative Divergent Lens. The Positive 
Lenses photograph a Virtual Image produced by the Negative 
Lens. 


5. Two or Mare Lenses behind Inclined Glass Plates. 
6. Two or More Lenses behind a Large Positive Lens. 


CLASS 1. One Lens, Beam Divided Once or Twice between 
‘Lens and the Film. 


JA, Pais BLocK, Part of beam reflected at right angles to the axis. 


‘The Technicolor camera belongs to this category. E.P. 398,339 
describes a method of mounting a prism block in such a way as to 
Permit removal and replacement without disturbing the adjustment 
for image-positioning. Obviously this patent covers Only one of many 
possible devices for accomplishing a similar end, E.P, 350,320, 1930, 
proposes to achromatize the lens system for the red and green only 
(@g., the two colours of longer wavelength). 

In E,P, 373,429, 1931, Technicolor have patented one given arrange 
ment of bipack and single film used respectively in two gates, The 
patent claims an important advantage in exposing the red and green 
Tecord in separate positions with respect to the dividing beam—e.g.. 
that the red and green records should not be provided by the bipack 
4S nsual in two-colour systems, but that the bipack should record 
the blue in front and the red behind, By this means it is possible to 
record both the red and green records on the same emulsion (panchro- 
matic), Whereas {t would not be possible to employ a panchromatic 
emulsion as the front film of a bipack. In the words of the patent: 

By forming on these like emulsions the two images which contribute mainly to 
‘building up the gradation, of, in other words, supply the * body," of substance '* 

sit 
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of the fina) picture (the gradations of the yellow positive being rather weak), and 
which must therefore be carefully balanced in exposure and development (e.x.. the 
Ces ‘green records), the desired balunce may be obtained uniformly and with 
city. 

In the same patent a fourth ** key" print is described (see 14, 
Fig, 257), This may be a panchromatic emulsion, and it is to be coated 
with a green filter on its surface, A yellow filter is placed at Y to cut 
off blue from both emulsions, Emulsion 14 would be a record of red 
aand green light only. ‘The patent states that the black key print is to 
have w gamma of unity, and that this emulsion may be used to print 
the sound and the black key print simultaneously, a gamma of one 
being desirable for sound record development, This patent would 
seem to reserve to Technicolor the use of the ** classical "' bipack in 
conjunction with a single film in any beam-splitting system of the type 
described in E.P. 398,339. 


Fife GL 


6st Co. ¥ a) 








BAL 
Z's +6, 


is it i yy 
RD v3 


Fig. 257,—Technicolor, E.P. 373,429. 














Jn{E.P. 382,239 Technicolor describe a Jens system to be used in 
conjunction with the same arrangement of films as in the above patent 
373,429, and which has equal foci for the red and blue bipack records 
and maximum chromatic correction for the single green-recording 
negative, Jens system is employed which has a secondary spectrum 
as shown in Fig, 4 (Fig. 258), in which the derivations of the foci 
for the various wavelengths of the spectrum, trom an arbitrarily selected 
focus, are plotted against the wavelengths, the principal colour ranges 
also being indicated in this dingram. From the curve it can be seen 
that the green range has a substantially horizontal tangent to which 
ach point of the range of the curve is very close, so that the record 
of this range has an approximately perfect chromatic correction, 
‘The fact that the red and blue ranges are not so well corrected is of 
‘minor importance, since these ranges do not contribute largely to the 
definition of the positive colour reproduction. However, the average 
foci, or the foci of the centres of these marginal ranges, substantially 
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coincide, resulting in subsuintially identical focal distance for the blue 
and ted records (the bipack). The fuct that the fool for the green range 
‘on the one hand, and the red and blue ranges on the other hand, 
are not equal is of little consequence, since this irregularity can\be 
easily adjusted. 




















pares ie. 


= ae te) 
as teehee ny, 


Fa, 248 —Technicolor, HP. 382,239. 


The same patent describes methods for avoiding scattered light in 
the prism system, A minus-green, or magenta, filter ia placed in front 
Of the bipack. This is said to even out the inequalities in the trans- 
mission of the red filter Which is coated on the surface of the front film 
of the bipack. 
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‘There is a tendency in prism systems of this type for the film in each 
aperture to reflect light of a colour to be recorded at that aperture, 
and this light may fog the film in the other aperture, This fogging 
tendency is most pronounced at the sides of the apertures which are 
close topether—namely, near the edge formed by prism faces 21 and 
23 (Fig. 258). Furthermore, the prism faces reflect light, as indicated 
by the dotied line LR. The green light which is reflected from the film 
3 is effectively excluded from the other aperture by minus-greeh 








Fao, 299. —Technicolor, EP. 492,673, 


filter MG, whereas the minvs-green light reflected from film 1 is elimin- 
‘ated by green filter G,. In oder to shield the apertures against the 
especially pronounced reflection in the corer between faces 21 and 
23, this comer is made opaque either by blackening the adjacent 
‘marginal parts of 21 and 23, or by making the margins of the mirror 
pline M opaque, or, as shown in the diagram, by providing a notch 
with blackened faces 24 and 25. In order also to exclude the light 
reflected nt surfuce 22 (as indicated by ray LR) another opaque edge, 
or notch, with blackened fices 26 and 27 is provided, The claims in 
this patent are: 
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4, Toe art of colour photography, xs claimed in E.P.373,429, characterized by the 
we of a red filter between axid frost und back emulsions, and  minus-green filter 
i front of both emulsions. 

2 The use of means for obstructing from etch aperture light reflected from the 
region of the other aperture. 

%. Am optical system haying substantially equal foc! for the red and bloe records 
Which are superposed at one aperture, and maximum chromatic correction for the 
fureem record nt the other aperture. 


In E,P, 492,673 Technicolor deal with the elimination of polarized 
light in a prism system, It is a matter of fact that precisely the same 
means Kad been employed by the writer some years previously for the 
Bellingham and Stanley prism described under Class 3D (see page 538), 
‘The intensities of the component beams are made independent of 
the proportion of plane polarized fight in the incident beam by & 
compensating element which converts the light into elliptically (in- 
cluding circularly) polarized light before striking the reflector. As 
shown in Fig. 259, a prism P divides an incident beam and a quarter~ 
wave plate Q converts any plane polarized light in the beam L into 
élliptically polarized light. 

The patent-contains a good description of precisely the effect which 
the writer encountered. To quote the patent: 

When photographing colourseparation records with motion picture cameras 
euploying a ight spite, it was frequently found impossible tt maintain the 
theoretically and experimentally predetermined ratio of light division; for example, 
‘the recordation of certain highlights would vary's0 much that, in the final print, 
they appeared at one time decidedly green, and then again reddish, After consider= 
able experimentation it was determined that the printing process was not the cuuse 
‘of the trouble, but that the transmission-reflection ratio of the light divider varied, 
Farther research fed to the conclusion that the difcully was due to the fact that 
the light reflected into the camera from most objects is more oF Jess polarized, and 
‘that the effect of the reflector twsed for dividing light beams of this nature Varies: 
considerably with the ritio of incident. unpolarized 1nd polarized light respectively 
and the characteristics of the polarized light \tself. 

Designers of beam-splitters had better be warned that this effect 
is almost bound to occur, and there are not many other ways of solving 
the problem. 

Systems of the kind described in Technicolor patents E.P. 131,422, 
194,971, 212,134, 350,112, etc., in which « prisin system with several 
Teflections is situated between the lens and the film, all suffer from the 
defect of requiring too long a path to make feasible the use of a short- 
focus lens such as 40mm. or SO mm,, which (s essential in practical 
studio work. The angular field of such 4 lens will be at least 30°, 
aand it is easy to see that none of these systems would be workable. 
| Technicolor patent E.P. 349,318 (see Fig. 260) is interesting in that 
iv reveals a method of obtaining three-colour records on two films 
Side by side, or upon one film moved two frames at a timo, \A filter 
disc containing primary blue-green and yellow filters is rotated in 
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front of the prism, belind which the filters are respectively magenta and 
‘green. The front half filter used successively with the rear pair gives 
alternately: 


Front Fier. ‘Back Pair. Records. Frame. 

(Minus-red) Blue-Green Magenta (Minus-green) Blue 1 
Green Green 2 

((Minisbine) Yellow Magenta (Minut-green) Red 3 
Green Green 4 














fee 


Ba Ba 
Fig, 260,—Technicolor, E.P. 349,318, 





In the patent the statement is made that: 


In the cate of rapidty moving objecté pictures forsped trough the filters 5 and 6 

A stcoossive intervals of time will not register precisely, remuting in a tendency 

towncds colour fringes; but hy taking. the red and green records 

they will register exactly, and when. using only. single additional colour such bs 

blue, fringes will not be noticeable for the reason that the blue record, which is 

DellOW is the final picture, does not contriute largely to the definition ofthe picture. 
ure 


‘The ubove method necessitates exposi second 
in order to register twenty-four complete colour records, With & 
‘more satisfactory type of prism this would be a method worth further 


development. No bipack is to be used, The claims in this patent 
are us follows: 
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1. The method of making cinematographic films of the type haying three oF 
_more series of complemental records, represeating different colour aspects respec- 
tively, whieh are to be superposed ia subsequent printing or projecting operations, 
by exposing different records through different filters which obstruct different 
components of the light respectively, characterized in that one filter functions 
‘simultaneously in conjunction. with each of two other filters. 

2, In that two filters function alternately in conjunction with sch of sald two 
filters, 

3. Pllm having three series of records of the object field mide along two tight 
paths which comprises simultaneously exposing two of the records along the two 
paths, each record being exposed through two filters aimultancouly, removing one 
Alter from one path and subsequent!y exposing another record slong that path. 

4, Simultaneously with the lust exponure another record is exposed along the other 
path, sid last filter having been replaced by another filter, 

5. An objective, means for dividing light from the objective along branched paths, 
a filter in each of the branched paths, and a thind filter moving into and out of the 
path of the light before reaching said branched. paths. 

6. Apparatus according {o Claim $, further characterized by a fourth filter 
moving into and out of the path of the light before reaching said branched paths 
‘ernately with said thing filter. 


E.P, 475,808 describes a similar light-dividing system which would 
sive rise to innumerable ghost images almost impossible to eliminate, 
It would be interesting to know whether this arrangement was ever 
tried. It consists of a prism element receiving the incident light and 
forming with at least two additional prism elements at least two 
partly reflecting surfaces inclined to each other, at least one clement 
having a totally reflecting surface inclined to the partly reflecting 
surfaces for deviating 4 component beam coming from a partly re~ 
fiecting surface. ‘The form shown in Fig. 261 (Fig: 1) consists of three 
similar right-angled prisms 1, 2, 3 placed in contact with each other, the 
contact surfaces 16, 17 being tendered partly reflecting. A beam R 
incident normally on the surface 5 of the prism 1 is partly reflected at the 
surface 16, the reflected beam A being totally reflected ut the surface 5 
to emerge normally from the surfice 11.. The beam B transmitted by the 
surface 16 is again divided at the surface 17, the beam C reflected by the 
Jatter surface emerging from the surface 12, while the transmitted beam 
Demerges normally from the surface 13. In Fig. 261 (Fig. 2) the prism 3 
is omitied and the prism 2 is divided into two prisms 32, 33 having a 
partly reflecting contact surface 37, In this form, total reflection occurs 
atthe surfaces 5, 36. As shown in Fig. 261 (Fig. 3) the images, a, c may 
be recorded on a double-width film W moving in a direction parallel 
to the apex line of the prism combination, the image d being recorded 
‘on an ordinary film F also moving parallel to this line. Alternatively, 
as in Fig. 261 (Fig, 2); the images a, .¢ may be formed on successive 
spaces of an ordinary film 43 moving at right angles to the apex fine, the 
film 44 also moving at right angles to this line, Fig. 261 (Fig. 4) shows a 
system producing four images and consisting of three similar isosceles 
prisms 61, 62, 63 placed in contact to form a combination of equilateral 
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triangular section, the contact surfaces 64, 65, 66 being partly reflecting. 
The paths of the rays forming four images im m py are clear from 


Fro. 261 —Techinicolor, EP. 475,808 








Fig. 261 (Fig: 4). With this form the images can be viewed simul- 

in au dion by a lens Q. U.S.P. 1,738,095 is referred to. 

Both P. D. Brewster (EP. 130,002) and A, 4 

237,441) patented means for adjustment of a diagonally divided prism 

‘cube to obtain identical images on both planes. In the former patent 
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tions of the registration pins, or of the gates themselves, could 
be adjusted, The prism could be turned about a vertical axis to adjust 
‘one image laterally, and it could also be tilted. Hamburger mounted 
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Fig, 262.—Beum-splitting system as used by A. for three-colour 
ince Pacenad tas by Hechler Compare er srrangstens 


his prism in a metal carrier, having bearing surfaces formed as parts 
‘fia sphere; in fact, a species of universal joint (Fig. 262), 

Brewster patented perforated metal reflector situated at 45? 
‘to the beam (E-P. 100,082). Such reflectors are apt to give diffraction 
fringes and other minor optical errors. 

The patent history abounds in ingenious prism systems which have 
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been proven impracticable, or which have fundamental defects over- 
looked by their inventors. 

Any design coming under this category must meet the following 
conditions: 


1. The aperture of the prism system must accommodate the whole 
angular field of the objective (perhaps 40"). 

, The focus of the objective must be at least as short as 35 mm. 
if required," 

, Perfonited rellectors and ruled silvering should be suspect. 

, The beam paths through glass must be identical, 

. Each part-reflection should take in the whole cone. Any system 

ding the beams by reflecting part of the cone of rays is 

certain to be defective, 

. Preferably the part-reflecting surfice should be evenly metallized 
(by cathode discharge, for instance), 


To avoid the diffraction given by parallel silver rulings, D. F. 
Comstock and Technicolor sugeested (E.P. 127,308) silvering in odd 
island patches turned in all directions. The writer has no information 
5.10 the efficacy of this type of reflector. 

Warner Brothers haye. patented a yery original three-colour beam 
splitter 35-mm. camera (Fig, 263) in which the three records are carried 
by two films only, ‘The pwo film. pulldown actions are arranged to 
move the film forwurd (wo frames at a time, thus exposing alternate 
frames. One of the two films, having been used as the rear element 
Of the bipack, is introduted in a second gate such that the unexposed 
frames are now exposed, This method necessarily results in only 
half of the front film being exposed, and a skipping printer must be 
used subsequently, Negitives taken with this camera could obviously 
be used for making Technicolor matrices; alternatively, itis suggested 
by the inventors that the negatives could be used to make prints 
‘ofl a positive material of the integral layer type (namely, Agfucolor 
positive) by successive or simultaneous printing, This would, no doubt, 
Work very well, The writer has no information as to whether the camera 
has in fact been constructed, ‘The optical system is of the conventional 
type and in principle is identical to the Technicolor prism, ‘The re- 
spective positions, however, of the bipack and single film ure radically 
different, since the single filin is exposed on a horizontal plane beneath 
the prism, the 45* reflecting fice of which directs the image down: 
‘wards at 90° to the optical axis of the.lens (Fig. 264), The camera as 
illustrated in the patents would be a very bulky instrument, apparently 
exceeding even the size of the Technicolor instrument. (U.S, Patents 
2,353,797; 2,366,578; 2,374,014; 2,374,015.) 

* Both the Technicolor and Dufaychrome cameras can use 25 mm. focus tenses 
Of special design, 
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Fis. 263A —Warner Brothers’ Beam-Splitter Camera for“ Three-srip ” film. 
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‘The Russians built a three-cofour beam-splitter in. 1936 known as 
ZKS-1 (Fig: 265). This was designed and constructed in Leningrad 





Fro. 263,—Warnee Brothers’ Beam-splitter camera for * Threeatrip " film, 


tinder the supervision of A. A, Minn (9). Once again the optical system 
is conventional und follows Technicolor in prism type, As usual, 
bipack is exposed in one gate and single film in the other, The position 
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of the magazines is very odd. The film for the single-film gate is fed 
from and returns to a magazine in the normal position above the camera. 
body, but the bipack films are fed from @ magazine attached to the 
base of the camera. It is said that a 75-mm. //1°8 objective is generally 
‘employed, but a 50-mm. can be used if required, The camera casing 
is self-blimped, It seems that negatives made with this camera were 





Fro. 264.—U.S.. 2,374,014 of Wamer Brothers (B.C, Haskin), 


used for printing by a method entailing successive coating and printing 
of bichromated gelatine layers. These layers were exposed and dyed 
by methods anslogous to Pinatype (namely, without forming « wash- 
off relief), Printing required high-pressure mercury vapour lamps 
in order to obtain adequate U,V, intensity, and a speed of 750 ft, per 
hour was attained. 

The optical system of the Dufayehrome (originally British Tricolour) 
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camera (see page 526) belongs to this category, This camera, designed 
by Mr. Jack H. Coote and Mr. Gilbert Murray, is of the * bipack and 
one " type—exposing  bipack of two films at one exposure aperture and 
a third, single film, af a second exposure plane, A prism block divided 
at 45° and metalized with gold provides the two required light paths, 
Blue and red record negatives are obtained by reflected light as front 
‘and rear elements of the bipack respectively, while the green record 
is exposed on the single film by transmitted light, Two Vinten Model 
“H film movements of the Iutest type are incorporated in the 
camera. 

Employment of two standard movements effects obvious economies, 
but involves certain problems of design. 

In order to avoid threading difficulties it was decided to make the 
whole of No. 2 mechanism, operating the film recording the reflected 
beam, a movable assembly, swinging into and out of its operating 








pot 
certain that the design and construction of such a“ 
would prove satisfactory under all working conditions. 

‘Various measurements, therefore, were made on the camera in order 
to test the consistency of register of the relevant moving parts of the 
camera mechanism, and also to check for variation of register between 
the two film gates at various temperatures. 

The swinging gate was repeatedly opened and closed, measurements 
of position being made at each closure after clamping tightly with the 
clamp. A suitable target was mounted on the gate and viewed with a 
microscope mounted on the fixed frame of the camera.. Movement in a 
vertical or horizontal direction did not exceed 0:0001 inch. 

Measurement of angular position was made with an autocollimator 
and rellector, An angulat variation of 4 minute about a vertical axis 
Was obtained, because of slight variations in the clamping pressure. 
‘This amount represents about 0-00015 inch over the width of the film 
‘gate, 

‘The method of locating the prism block with a dovetail slide and end 
stop, gave location both for angle and position, with variations of not 
‘more than 0-0002 inch. 

A crossed line target graticule was mounted in euch film gate s0 that 
the images were approximately superimposed when viewed through the 
prism system with a long-focus microscope, 

‘The whole camera was placed in a reffigerator and allowed to settle 
to a steady temperature of approximately zero degrees centigrade, The 
camera was then removed and the microscope was set up (0 view the 
fargets through the prism; measurements were then made of the 
telative position of the targets both horizontally and vertically. 

The temperature was gradually raised to approximately 100° F. 
(38° C.), microscope observations being taken at intervals. Some 
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difficulty was experienced at the lower temperatures because of conden- 
sation on the glass surfaces, but variations measured in either direction 
did not exceed 0,0005 inch. 

‘The way in which the No. 2 assembly can be swung away from and 
returned to its operating position should become appareat after 
reference to Fig. 266, The main drive shaft runs along the base of the 
camera, doing No. | movement through a combination of helical and 
spur gears and No. 2 movement via a train of three gears located ahead 
of both the mechanism and the shutter. The outer surfaces of the for- 
ward bearings of the main shaft provide the journals on which the 
whole of the movable assembly is pivoted. 

It, will now be realized that although the closed or exposing position 
of the movable gate has been referred to as its operating position, the 
mechanism can, in fact, be rotated while in its open oF loading position, 
4 feature which is essential for efficient threading. 

The bearings at the base of the movable assembly operate in con- 
junction with a tongue at the top of the gate which enters a slot for 
lateral location and batts against an anvil set at right angles to the 
direction of swing. The assembly is locked into its closed position by 
‘means of a spring catch and single thumb-screw. 

‘Accurate placement of the two film-moving mechanisms of a colour 
camera represents only a part of the problem of ensuring precise 
registration between the images formed at the two gates. Since it is 
essential in practice for the prism block to be removed easily for clean- 
ing, means must be provided for replacing it quickly with at least as 
high a degree of accuracy as that set for any other associated movable 
‘component. 

‘The most convenient method of checking the position of the prism. 
block in relation to the two exposure apertures is to illuminate two 
identical target images while located in the estes by the register pins, and 
to view them from the lens position by means of a simple microscope. 
The target images may be made photographically upon normal film 
stock, or may consist of a pattern of holes drilled coincidentally through 
two strips of thin metal carrying accurate negative perforations. 

Except when the prism block is perfectly adjusted, the two targets 
will not appear coincident when viewed through the microscope, and it 
seemed desirable that any adjustment of the prism block should be 
‘observed continuously through the microscope without the necessity of 
removing the block from the camera in order to effect adjustment in 
ny of the desired directions. 

‘The adjustable mount which was adopted is shown in Fig. 267. 
There are three directions of movement provided (Fig. 267A), two 
rectilinear and one pivotal. All these movements are controled by 
micrometer screws and locked with setscrews. 

The three prism-block movements, together with the prior location of 
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the two exposure planes in-u precisely vertical position at right angles to 
each other with registration pins in a common horizontal plane, provide 
the means of obtaining perfect registration. 

Ithas already been mentioned that the reflecting surface of the prism 
block is metallized with gold in order to take advantage of the well- 
known dichroic effect which is peculiar to thin films of that metal. With 
the gold surface a single high-speed orthochromatic emulsion is 
exposed behind a yellow filter in the transmitted beam, while a bipack 
with a high-speed non-colour-sensitized element in front and a highly 
red-sensitive element in the rear provides the blue and red records, 
respectively. The emulsion of the front element of the bipack carries 
redefiter layer. 








267A—Three directions of prism edjustment 





An unavoidable result of inserting any tight-dividing means, except 
Totating reflectors, between the camera lens and the film planes is & 
serious increase in the minimum separation which itis possible to have 
‘between the rear element of the tens and ithe film planes, As this 
Iminimum distance is usually about 50 mm., even the advantage to be 
‘gained from the use of a glass with a fhigh index of refraction for the 
prism block does not reduce the effective distance suliciently to permit 
the use of normal 25 or 35 mm. lenves, 

This difficulty had been met by the use of lenses of the negative-tele- 
photo type, which have an effective focus considerably less than their back 
focus. Unfortunately this solution of the problem gives rise to distor- 
tion und cannot, therefore, be considered satisfactory, With this in mind, 
CG, Wynne, of Wray Ltd., succeeded in computing a 3S mm, objective 
Without recourse to a supplementary lens, although a negative supple- 
‘mentary still has to bs tolerated for a lens of 25 mun. effective focus. 
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However, it cannot be suggested that the performance of the objective 
is the only factor influencing definition in any camera using bipack, for 
the inferior resolution which results on the rear element of any bipack 
seis a most serious limitation upon the definition of the final composite 
print. Loss of definition from this csuse cannot be avoided, but it can 
be reduced to « minimum in two ways: by the use of the most suitable 
emulsion (coated at an optimum coating weight) for the front element 
of the bipack, and the maintenance of the most perfect contact obtain 
able between the two films of the pack consistent with freedom from 
drag or scratching during exposure, 

A solid metal pressure pad, very lightly sprung, having a pyramidal 
crown of 0-002 inch is employed. This pad is so effective in ensuring 
perfect contact between the two films that a resolving power of 30 lines 
per mm. is obtained on the rear element at the same time as the front 
clement resolves 56 lines per mm. 

Focus adjustment may be made at the camera by means of control 
knob, or remotely by means of Magslip motors, the latter method always, 
being used When the camera isin its blimp, For focusing directly an to 
the single green record film, « magnifying “ look-through "* system is 
provided, and the image is observed through the glass pressure pad 
(Fig. 268). : 

Parallax compensation is effected automatically by the operation of 
focusing the camera lens. A Mitchell erect-image self-focusing finder is 
used, but it has been found possible to reverse the optical head and 
thereby reduce the separation between camera and finder lenses to about 
4 inches. 

‘The means by which parallax is automatically corrected for all lenses 
is thought to be novel and should merit detailed description. Each lens 
‘mount carries its own permanently attached annular cam, which upon 
insertion of the lens into the camera, engages with one of two rollers 
attached to a pivoted arm (Fig. 232). A flat bearing surface attached to 
the inside forward end of the finder is urged by spring pressure into 
contact with the second roller on the pivoted arm. Upon rotation of the 
fens sleeve duting focusing, its accompanying cam serves to alter the 
position of the pivoted arm and with it the angular relationship between 
the finder and the camera. 

‘The Magslip motors required for the dual purpose of focusing the lens 
and adjusting the view finder are somewhat larger than would be 
necessary for focusing only, but it is considered that the inconvenience 
of the additional weight is more than offset by the advantage of having 
combined focusing and parallax compensation under all operating 
conditions. 

‘While a single magazine could have been made to house the three 
films, it was decided that certain advantages could be obtained by tising 
one bipack and one single-film magazine. The chief advantage of this 

327 





COLOUR CINEMATOGRAPHY 


arrangement is that with one magazine loading from each side of the 
camera, it becomes possible to reload while the camera remains in its 
blimp. Furthermore, the problem of minimizing film flap, particularly 
serious when three films must be transported simultaneously, is to some 
extent simplified when the two films comprising the bipack run through 
the camera in combination, although fed from separate 1,000-foot rolls 
and wound up side by side in the sume magazine, 

In order to restrict undesirable movement of the bipack loops, while 
still permitting the two films to turn through a right angle and so enter 
and leave their exposing position without undue tendeney to twist, 
removable trapping roller is used, and this is rotated by the progress of 
the films themselves (Fig, 269), 

This reduction of film flap and the extremely quiet Vinten movements 
combine to produce a colour camera with reasonably low noise level, 
although it is still necessary to employ a blimp which is large when 
Judged by black-and-white standards, 

‘The image formed by the Mitchell finder, which remains attached to 
the camera when the lattor isin the blimp, is conducted through the wall 
of the blimp by means of u simple series of mirrors, 





1B, Prism BLocK. For shree gates and three separate films, 


The prism patented by the writer in E.P. 475,415 has been success- 
fully made, and photographic tests in a still camera have demonstrated 
its practicability (Fig. 270), No motion picture camera hts been 
constructed fo accommodate the prism, nor i it likely to be. The 
fest negative showed perfect freedom from registration error and the 
balance of exposure ull that could be desired. A colour fiteris provided 
within the block bebind each of the half-slvered surfaces so that any 
stray light reflected from a portion of the prism lying beyond the r= 
fleeting plane responsible for the formation of w titeral imaye will, 
‘when finally emerging from the face of the prism adjacent to the plane 
in which the said image is (0 be recorded, be minus light which the 
recording filter is capable of transmitting, of, if in emulsion is used 
which does not require such a filter, which the emulsion is capable 
of recording. As shown in the accompanying figure, the block is 
‘built up from right-angled isosceles prisms 1, 2, 3, 4. The surfaces 17 
and 20 are coated with a partially reflecting surfice of aluminium. 
Magenta (minus-green) silters 21, 22 are interposed and the prisms 
‘cemented in pairs with tard Canada Balsam and dried off. The hypo- 
tenuse faces, 18, 19 and 10, 13 are polished and the surface 17, 18 
aluminized ind cemented to the surfices 10, 13, with sof Canada 
Balsam with the interposition of a yellow (minus-blus) filter, and dried 
off: The filters are dyed films of cellulose dcetate, This may be applied 
in the form of a liquid containing the dye, Of the light entering the 
prism, only red rays are transmitted undeviated. Blue and red will be 
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reflected through the blue filter 30 to form the blue component image 
Alternatively, a blue-sensitive emulsion may be used without a filter. 
Green and red rays (yellow) are reflected through the green filter 31 











Fo, 20. EP. 475415. Pram co ve the images on three planes at eight ames 
{Seah othe (Corawel-Chne 


to give the green component record. (Only green light reaches the 
film) Alternatively, yellow (minus-blve) filter may be employed 
With a green-semaitive emulsion. The red filter 34 is optional. “A single 
Objective 25 is used, By choosing different filters for inclusion. in 
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the block, the planes in which the three-colour component images 
‘ure recorded may be interchanged. 

E,P. 472,468 of Klaver describes a somewhat similar prism, but the 
reflecting surfaces 6 and 9 are provided with strips (presumably 
fully silvered) and the surfaces of the strips which are tumed away 
from the objective are rendered non-reflecting, ¢.g. by blackening, 





Poa. 27h EP. 472.468, Klaver, 


in order to obyiate the formation of secondary images by, repeated 
internal reflections. The colour filters 13, 14, 15 are cemented to the 
exit fuces of the cube. The rays incident on the cube are limited by 4 
iapliragm 16 (Fig. 271). 

Reflector systems such as that used in the Hillman still camera 
possess parallax errors of too serious a nuture to be permitted (EP, 
357,660), In this beam-splitter several metal reflectors are of dise- 
ring form and disposed one within the other at different angles. The 
Bx 
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reflectors are slightly elliptical in shape. This system must not be 
Confused with the cinematograph beam-splitter, also the invention of 
‘K. G. Hillman, which belongs to Class 3F, Hillman’s E,P 357,660 is 
extraordinarily similar to. M, Astafiev’s E.P. 251,027 and 322,767 
‘and C, H. Nolte’s E.P. 199,044, 1922. 

For the student other patents of note are: 





Workman, H. 
Twyman, F. EP, 13082 1915 
Higham, J 

ci 191s 
Wettcot, W, B. 1915 
Berardi, A, 1 
Burger, P. L- | Ep.295,643 1927 
‘Auto Natural Films Ltd, 

sci inh a! Het «EP. 298.662 1927 
‘Chapman, W. HP 319,198 192K, 
Groc, EL, and Bernard, A. 248 1928 
‘Axmstrong, J.J. Vs 1929 
‘Comnvill-Ciyne, A. 1931 
Reskmelr, E 1932 





‘Truecolor Filme Lid. 1932 


IC, Roratina Minnors, For reflection 10 0wo or more gutes. 


‘The earliest suggestion of a camera based upon this principle is 
probably that of T. R. Dallmeyer (E.P. 22,616, 1898), in which « mirror 
‘was placed at 45° to the optical axis behind the objective lens. The 
mirror could be rotated, reflecting the beam in turn to the other two 
sides of the camera, In'a still camera made in 1902, by L. Gaumont 
and Co, [6) (see Fig. 272), the mirror situated behind the objective 
‘was carried on an axis parallel to the three films. In one position the 
mirror teflected the image to the film R and simultancously exposed 
G. At the end of this exposure the mirror was moved to position M’ 
and reflected the image to the third plate B, and the opaque screen 
E then prevented light from reaching G, This scheme has the germ 
of a possible motion picture camera in it. 

Jn EP, 141,368, 1919, of J. Dourlen and M. Chretien, who describe 
wone-lens cament in which rotating mirrors are used for successively 
exposing three films placed on the three sides of a rectangle, the ens, 
occupying the fourth, the patent expressly relates to cinematography. 

In FP. 464,637 of 1913, Gebay used a single lens and three films: 
‘on three sides of a rectangle, the lens occupying the fourth side. Two 
‘rotating mirrors ut right angles to one another, and at an angle of 45° 
to the optical axis, reflected the image in succession to the three films 
‘and allowed it to pass to the central film, Thisis precisely the same idea 
‘as Brewster patented later. 

“The last Brewster camera (see Chapter 11) made use of two rotating 
propeller-like mirrors of polished nickel behind the objective at 45° 10 
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the axis of the beam and at 90° to cach ather. Spaces between the vanes 
‘permitted the light to pass to the film opposite the objective; the rotating 
mirrors successively deflected the beam to the other two gates, which 
aye at right angles to the original beam. The arrangement was thus 
Substantially the same as that proposed by Dourlen and Chretien, 
Providing the mirrors rotate sufficiently fast there is no teason 10 
‘anticipate time-parallax fringes, and work which has been accomplished 





Pa, 273.—Brewster's USP. 1,752,477. 


with the Brewster camer has been entirely sutisfuctory in this respect. 
Brewster has unjustly been given the credit of baving originated the 
rotating mirror method, 

‘The principal claim in U.S. 





1,752,477, April 1, 1930, reads: 
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The following extract is of some interest, in which Brewster estab- 
lished the reason for his adoption of revolving mirrors for beam~ 
splitting (8): 


Tis senerally conceded! that aay practical colour camera must make its colo 
separations simultaneously to avoid intolerable tlahes or fringes of volour around 
moving objects atid that all dies separations must be made from the same yew 
points otherwise it woukl be imposible Wo resister or superimpose the several 
Component images in the positive. 

"Aécepling the limitations of exmera for making sionltzneous separations from 
the same viewpoint, the next step i to inguite into the requirements of lenses: with 
regard to focal length and speest, Under sound studio conditions where tungsten 
Tight i ery largely in use and where al excessive amount of ight cannot be used on 
‘se0uNt ofthe Incident het and strain on the actor's yes, i is necessary fo se the 
fhatest possible lens having good colour correction. “The limiting aperture at the 
present time i /2. 

“The grea sizeof the sets used inthe studios, and the limited floorspace of sound. 
‘stages, make it eseotia tha the colour camera be adapted to use n widerangle Jens 
Of Hot over $0 mn, focus, though 40 mum, would be will better, At the same time 
the bearespliting system must permit the we of lenses of from 100 mum. to 150 mm, 
Tor several resons. In 4 50 mi. camera iti very dificult to get a double beans 
Splitter (adapted to reflect two images and transmit one) in the small lengths of 33 
‘Tim, oF 35 mn. between the rear vertex ofthe ens and the focal plane: while in the 
ise of the 130 mm. J72lens the sone of light. louving the rear vertex is nearly 75 sum. 
in deter, which very greatly Increases the sie ofthe beamn-splitter if po light 
{0 be lost. Where two of three matched lenses are used it ix necesary to have a 
tbeam-apliter infront of the lenses to reflect th light rays received from one potat 
{ato the separate lense; and where one lens is employed the epliter must be placed 
hehind to divide the Hight rays projected from the single Jens into three groups; 
We believe this can be done only in two ways: either by a series of wlass prisms 
‘by means ofa highly polis mirror revolving at an angle to the lens and ln the 
Dl of light raga. This mirror consists of a disc having a number of slots in i $0 
That one portion of the light rays is transmitted through these slots, or openings, 
Land after passing through a suitable filter 4s recorded as one of the separations: 
ihe portion of the light rays which strikes the polished surface of the blades i 
feflected throug another filter 10 form the second. separation; a second tiror 
evolving at tight angles to tho first is used for making the third separation, The 





“The glass prison ayster has the advantage of extending. in wffect, the extremely 
important distance between the tear vertex of the lens and the focal plane in pro- 
portion to the Indéx of refraction of the glass used. It also hus the advantage oF 
Eheapness when compared with the revolving mirrors, while the size of the driving 
‘mechanism of the camera is reduced, thereby preventing noise and reducing the size 
of thie camera. 

‘The revolving mirror aystem has the advantage of not having to transmit the light 
through glass, which results in a Toss of light, but, whut is more iimportant.3 possible 
Joss of definition ear the edges of the picture If the glass path ts too long. Most 
important of all, i is possible with a revolving mirror system to make thres-colour 
Separations on three separate films from a SO-mnn, //2 lens without adding any lenses 
tote manda objective re the Het pth Btw the et vee am he 
focal plane. 
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Brewster proceeds to examine the efficiency of the standard tricolour 
Wratten filters in relation to panchromatic film, and reaches the con- 
clusion that by using three separate films itis possible (o use an ordinary 
bjue-sensitive emulsion for the blue separation, and remarks that the 
‘sensitiveness of this type of emulsion stops almost exactly at the ideal 
point, and not having to use a filter its speed is many times greater 
than by using a standard tricotour blue filter with a panchromatic 
emulsion, ‘* Advantage can be taken of this fact by reflecting only a 
small portion (possibly 10 per cent. to 14 per cent.) of the light rays 
received from the blue separation," Similarly, for the green separation 
he would use an orthochromatic emulsion and a K2 filter, and gains 
in efficiency would again occur. The red separation will best be made 
with a Wratten filter No. 25 and a panchromatic emulsion. He next 
‘argues that there is a great advantage in being able to adjust the 
development of each film so as to compensate for the wavelength 
gamma effect, He examines the conditions for printing und hypothesizes 
as ideal a film which was later realized by multilayer thtee-colour 
positive materials. ’* The ideal component image would be like a color 
filler, pure color imbedded in the gelatin. 

‘The requirements for 4 satisfactory beam-splitting system could 
hardly be put better than in the above puper by Brewster and Miller. 

A patent granted to ©. Azzoni comes under this heading. The 
laim seems to be thiit the mirrors are of such a size and shape as 
to be capable of intercepting at one moment during each revolution 
the greater part, and preferably substantially the whole, of the light 
from the objective, and are driven by mechanism disposed on the 
opposite side of the light-sensitive surfaces to the objective. As shown, 
light passing through the objective O strikes the sensitive layer N2 
directly, and the sensitive layers N1, N3 when intercepted by the mirrors 
SI, $3 respectively, both of which are driven by the motor M. The 
mitrors are trapezoidal, the wider ends being nearer the axis of rota- 
tion (Fig. 275), 


1G. This class #8 represented by E.P. $56,826 of the Cosmocolor Corp. 
USA, 
CLASS 2. Two or More Lenses without Beam-Division 

This category may be dismissed as of historical interest only. Such 
‘an optical arrangement must of necessity give rise to parallax. It is 
singular tht so many patents were granted for an optical system 
inherently defective (Fig. 276). To include within the normal image 
‘area {Wo or more miniature pictures, inventors in the eurly stages 
of the art had recourse to sawn-off lenses in an attempt to get the axes 
of the beams as close to each other as possible and thus somewhat 
to reduce the parallax effect. Early patents, such as Christensen’s 
E.P. 7,514, 1908, Pfenninger’s E,P. 25,908, 1906, and M. Maurich’s 
$34 
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Figt 
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FG. 275 EP. 459,636, 0. Azoni 


E.P. 13,150, 1912, describe such lens arrangements. The Gaumont 
three-cotour additive films exhibited in 1912 were taken with three 
Tenses similarly sawn off (Gaumont E.P. 3,220, 1912)," 

4 Socidté Etublissements Gaumnont. 
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R. S. Aldridge in EP. 322,801, 1928, describes a special mount 
for sawn-off lenses to reduce the parallax. This type of lens mounting 
was used for a time by Raycol, to whom: the patent was licensed, 
for their two-colour negatives. The distance apart of the axes of the 
lenses is made to vary with the focusing. Although parallax is con- 
siderably reduced, nevertheless it is still present to a degree which is 
‘not permissible in serious production. 

In the Zoechrome process (E.P, 172,714, 1920) two oF three small 
lenses are used in conjunction with one large lens of normal focus, 








One normal tens is placed opposite the first frame and three small 
sawn-off lenses immediately below it opposite the following frame. 
‘Two or three small pictures occupying one frame alternate with one 
full-frame picture. ‘No effort is made to reduce the serious parallax 
‘which occurs in such a system, Apparently, reliance is placed upon the 
colouring method to reduce the parallax colour fringes, ‘The full- 
sized picture is. printed in black-and-white, and the small pictures 
are enlarged. and printed in superposition by an optical printer. The 
effect of the black-and-white “ key ** image is strong enough to over- 
Wwhelm the faint colour fringes introduced by the three enlarged images. 
The colouring process involved recoating the positive iim with 
‘emulsion for each colour, 
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CLASS 3, Two or More Lenses behind 2 Prism System for 
Beam-Division, or behind a Partially Reflecting Mirror or Mirrors 


3B. Disposed horlzontally for te or three films, each in a separate 
‘tate but in the same plane—e.p. the films.are run side by side. 
Under class 3B, Fig, 277 represents diagrammatically a prism 
scheme by Bellingham & Stanley Ltd, which las not been actually 
constructed, It is of interest as a solution of the problem of dividing 
the beam in such a way as to permit the gates to be placed in one 
horizontal plane, 








View Looking in Dieeetion 
of Arrow 


foo, 271, 


3C. Disposed horizontally, the images being recorded on extra-width film. 

Under this class is the early Cinecolor (British) prism unit illustrated 
‘opposite page 271. (Also see Fig. 3, page 273, Historical Summary.) 
This was constructed for the old Cinechrome Ltd. in 192) under the 
Hilger-Workman patents (E.P. 7,659, 1915; E.P. 16,810, 1915), The 
‘To-mm. film which was used had perforations down the middle of the 
film, besides the usual edge perforations. The unit consisted of « huge 
prism block in front of two complete objectives, 


3D, Two or three pictures of substandaed size in the space of one normal 
frame. 

‘The beam-livider (E.P. 398,100) developed by Bellingham and 
Stanley in collaboration with the writer was latterly used as an anti- 
parallax optical unit for the Raycol two-colour additive process. 
Two pictures were taken in the space of one frame, one beneath the 

537 


COLOUR CINEMATOGRAPHY 


other, The unit was novel in that it made use of Iceland spar as a 
double refracting medium. The arrangement comprised a prism of 
the Nicol type combined with means whereby the reflected beam was 
again reflected at a surface parallel with the reflecting surface of the 
‘prism so as to emerge parallel to, but spaced from, the incident beam and 
the component transmitted by’ the prism. In the form shown (Fig. 
278) the equivalent of & Nicol prism is formed by two glass prisms 
A. B, separated by a layer € of doubly refracting material. The light 
reflected by the layer C enters a prism D having a reflecting surface 
E parallel to the layer C, so that it emerges from the prism D in a 
direction parallel to that of the beam transmitted by the layer C and 
prism B, A rhomb G having two parallel reflecting surfuces may be 
placed against the exit surface of the prism B so as to alter the dis- 
Placement between the two emergent beams without affecting. their 
parallelism, The optical paths may be equalized by extending the 





€ tS 
Fi, 278 —Bellingham and Stantey's E,P, 39,100, 


‘appropriate exit member. ‘The prism can be used either with two 
objectives in rear or with a single lens in front of the dividing prism 

J. M. Gutmann and P. Angenieux in E.P, 437.414 describe an 
optical system under this category, We quote the abridgment below 
(see Fig, 279), 

“Apparatus for taking cinematographic pictures in natural colours 
comprises three objectives O1, O2, 03, Figs. 2, 3 and 4 (Fig. 279), 
mounted close enough together to give simultaneously three separate 
images R, G, B, Fig. 1, in one normal picture space A of a standard 
cinematograph film, three colour filters for the three colours, each 
associated with one of the three objectives an optical system in front, 
of the objectives having a semi-reflecting surface Ml, Fig. 2, and a 
totally reflecting surface M2 located to secure two of the images R, G 
from a single point of view, and an oblique prism Q, Fig. 4, with 
parallel faces placed axninst the optical system to secure the third image 
B from a different point of view, the optical system and the oblique 
prism being so disposed that none. of theit faces or edges cuts off any 
part of the field of view of any of the three objectives, The optical 
system may consist of a prism block having the semi-teflecting surfice 
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ML and totally reflecting surface M2 inclined at 43° so that the incident 
beam Il is divided between the two objectives O1, O2, the surface MI 
being halfsilvered to @ suitable density or fully silvered with parts 
of the silvering removed; alternatively, two parallel mirrors, one semi- 
transparent-and the other totally reflecting, may be used instead of 
the prism block, In a modification, in order to avoid parallax, that is, 
to secure the third image from the same point of view as the first two, 
a second optical system similar to the optical system P may be arranged 
obliquely in front of the above-described arrangement. In a further 
modification, suitable for use in poorer light, the arrangement of 














Fig. 279 EP. 437414, 1. M, Gutmann and P, Angenieux, 


prisms P, Q is supplemented by an adjustable focusing tons placed 
in front (o focus the feature of greatest interest at a constant distance 
from the objectives. A second lens may be added to form an afocal 
system when focusing is effected at infinity. Specifications 306,329, 
(Class 97 ()), 385,141, und 419,894 are referred to." A. projection 
system is described in E,P, 443,061. A multiple lens mount is covered 
by EP. 438,982. 

‘The extremely complex prism covered by E.P. 459,664 of Bellingham 
and Stanley was made for Gasparcolor Lud., under the writer's direction 
(Fig, 280), ‘The block contains two semi-reflecting and transmitting sur 
faces A, B to divide two component beams from each other and from 
the third, and three internal surfaces E, F, G, to reflect the beams in 
the required direction, the lengths of the light paths being equal, The 
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Part of the beam reflected by the partially metal-coated surface A 
of the six-sided component prism 1 suffers total internal reflection at 
the opposite surface C of this prism, and is then reflected out of the 
combination by the surface F of a triangular prism 5. The transmitted 
beam is totally reflected by the surface H of a triangular prism 2 























Fria, 280.—E.P. 499,664 of Bellingham and Stanley. 


on to the partially metal-coated surface B of a rhomb 3, where the beam 
is agin divided. The reflected portion is reflected out of the combina- 
tion by the surface G of the rhomb 3, and the transmitted beam, 
after total reflection at the surface D of a thomb 4, is reflected out of 
the combination by the surfuce E. ‘The three beams emerge parallel 


to cach other from the susface Y of the combination which is perpet- 
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Fi, 281.—Prism asgording to Bellingham and Stankey's E.P, 459,668, showing 
‘rounting and lens objectives 





Fig. 282,—Prismsccording to fellingham and Stanley's 
EP. 489,664, mounted on Vinten camera. 
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dicular to the entrance face X, and glass distance-picces 6, 7, 8 ensure 
equal fight paths. 

‘An interesting patent of Bellingham and Stanley (E.P, 451,274) 
deals with the gate necessary to accommodate the three sub-standard 
images obtained with the prism just described, The exposure apertures 
are euch of a height equal to half the length of film feed and of a width 
half the picture width of the film, two of them, a, b, being spaced apart 
in the longitudinal direction of the film so that the length d of the inter- 
vening space equals the film feed, and the third aperture c being located 
between them but displaced lnterally so as to be clear of the space 
between them. The arrangement permits the use of larger lenses than 
would be possible if the apertures were juxtaposed, and the aperture 
‘e may be midway between the apertures a, 5, so that the lens diameters 
may be a maximum (Fig. 283), 











Frql. Fig.d. Fig.3. 


ia, 283 E.P, 451,274 of Bellingham and Stanley. 


3E. Two pletures in the space of one normal frame, but their axes turned 
engthivise to the fil. 


Under this heading an important group of patents is held by Dufay- 
Chromex Ltd. which were acquired in 1937 from Cinecolor Ltd., 
originally formed to develop the patents of D. Daponte and C. Cox, 
‘The company also owns a licence of some patents by Adam Hilger 
Ltd. and J, H. Dowell of that firm. 

In E.P. 346,406 of D. Daponte the principal claims read as follows 
Fig, 284; 

1, A beam-splitting prism and lens system receiving iimiages from the same uspect 
for casting images side by side on the film, preerubly normalsied fla with the 
Width or horizontal fines of each picture running along or parallel to the bengsh 
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‘of the film comprising & light beamaividing prism system and co-operating lenses 
in which the beams are separated by such an wimount, and/or inclined {0 each other. 
at such an angle, 9s will permit the use of lenses of large aperture, the separation of 
the beans being finally reued and one or each of the beams redirected by a single 
reflecting surface between one oF each fens and the lilm at such an angle as will form 
the Images side by side on the flu ut the required sepuration and permit the use of 
lenses of short focal lensth. 

2. A beam-dividing und taking prism and Jens system as in Claim 1, constructed 
‘40 as self before the Jens system to turn the images so that they appear in the 
required orientation on the film and permit the camera to be used ia the upright 

tion. 


posit 

3. A beamadividing taking system according t Cluini | or 2, wherein the images 
‘are cast the samme way up ot the film 

4. A beandividing taking system according to any of the preceding claims 
‘wherein the lengths of the paths of the main wil branch beams through the prisms 
(0 the lenses and the refractive indices of the prisms are $0 proportioned that the 
Jengihs of the puths of the two beams fon the point where the main beam is divided, 
10 the Jenses are optically equal, 

5, A taking system according to Claims 1 10 4 ia which a mirror is used between 
the lens and the film and the correction of the optical lengths of the paths of the 
beams is effected before the lens, 


This was followed by E.P. 349,107 of Adam Hilger Ltd. and J. H. 
Dowell, The patent begins with @ very important statement which 
should be carefully studied by designers of beam-dividing systems: 

‘This Javertion relates to cameras for colour photography in which «prism or 
‘combinution of prisms is used to foem a number of images of equal siz, each 
Image being formed afer transmission through a coloured Miter, Such prisms are 
usally constructed of ylast of the same reftactive index throughout, ond it is 
found that the images so forted. although of equal size for objects ut infinity, are 
tot of equal size For ear objects. ‘This invention has for its object ineans whereby 
such prisms can be constructed x0 thatthe images are all of the same sie for objects 
at all distances, 


‘The specification gives details of the necessary corrections for two 
‘and three-colour systems: 

Considering the cite of u two-colour camera, it i highly important that the 
‘optical distance from the object 1 the lens should be exactly equal for both colours, 
tnd thi is secured by proper adjustment of the two glass pth such that 

Ly_ty 

Ni No 
where Ly isthe foc leuth of glass for one colour and Ni, its reltactive index for 
that colour and Ly and Ny the corresponding length and vefracive index for the 
other colour. ‘Such a system fs correc on the axis for objects at all distances, but 
{his snot the cae for oblique rays. With more than two colours the sane eondi- 
tions hold for all the colours, 

"The conaltions necesary for complete coteston of magnileaton at ull distances 
for w two oF more colour camera are: 

(0) K for each colour is equa 

(2) (tan 0) for evch colour ix equal where Xs the length of lass path, 

Nis the reftactve lade. 
1s the angle of refiction. 
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uation 1 expresses the equally of the optical reduced length forall rays on the 
olin natonee 2 expresses the equslty of the tal lateral shift for oblique 


The conditions fr ext coreton ae sae re apeiicaly el ia 

‘of & two-colour camera, Fig. 3 serving to illustrate the principle (see Fig. 285). 

figure represen the glass path sown as in Fg. > (Fig 288) but i 
ions: 


system according to the invention, In the figure and equations; 








Fic. 28S EP. 149,107 of Adam Bilger Lud. and 3. 1 Dowell 
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Nog =Refractive index of glass exclusive to colour R corresponding to the mean 
‘wavelength of colour R, 

Nu —Reftactive index of glass exclusive to colour R corresponding to the mean 
‘wavelength of colour G. 

F =Angle of refraction, the sulfixes appended having the same meaning as those 
‘appended to N, 

‘The condition for exact correction is then expressed by equation 1 above, which 
‘becomes 

Lyi ly Lik 

® itn) ~ (we,-rH,) 

lund equation 2, which becomes 
Ly tan pte Ly ta og = Ly tam 90, $y tH Oy 

‘An example of a three-colour prism system is shown in Figs. 5 und 6 (Fig. 285), 
‘Light enters the prism A and is divided at the semi-reflecting surface J1, The direct 
‘part passes through the prism 1 to a second semirellecting surface J2, which agaity 
‘vides this part of the light. The diroct part passes through the prism K and is 
focused by the fens Q on the focal plat (2. The glasses A, B, and! K are all of the 
‘sume kind. The rays releoted at the surfces 11 und J2 are subjected to total reflection 
in the prisons A and D respectively and pass through glasses C and D to be focused 
by lonses F and at /3 and /1 respectively. ‘The two indirect images on/3 and f1 are 
‘connected by glasser C and D, the mean of whose refractive indices Nis und Nyy 
for their respective colours is equal 10 the refractive indices Nyy and Nyy for these 
colours in the glass A common to all colours, ‘The method of procedure js therefore 
exactly the same as the first example for a two-colour camera deseribed in con- 
fection with Fig. 3 (Fig. 285), with the addition of the direct image. 

If, for example, the same particulars are assumed in this case, the mean refractive 
Index 16150 would be the value for the refractive Index of glass K individual to the 
direct image, consequently also of glass A and i for the same colour, and it would, 
only be necessary to determine the length of glass required as follow: 

According to the result obtained from formula (3). the mean reduced path length 
equals 278645, 4o that 

Lytle 
Ni 





by 
ea 
so that La 'hS001-25=20001, 

It ll be seen fom Fig. 6 (Fig, 285) that, just as deeribed in connection with 
Fig. 3 (Fig, 283), the plats N, P. tad, where the three components of the oblique 
‘ay drawn in finally eave the las, are tthe same horieoatal level, thi the total 
Tateral shift the same fr il three vomponents, and enasequerly the tres images 
ofan objet at any distance are of the same size and such a wil repister satisfactorily 
in any subsequent proces. 

In E.P, 388,754, Adam Hilger Ltd. and J. H, Dowell patented a 
dividing prism combined with cylindrical and spherical lens elements 
to produce two or more identical images from the same viewpoint, 
the images having diferent magnifications in the horizontal and vertical 
directions, 6o that one set of companion images exactly fills one picture 
space on the film and the images are in close juxtaposition. 

{Fi | (Fig 286) the tight i received by a cyindscal positive lens 12, and then 
teers x priac I having a arresting surface 3 dividing the beam into iwo parts, 
fone of which after refcclion by the srice $ pasice through « negative cylindrical 
fees 13 und ponitiveapercal fens 1S, whl the other i elested at the surface 7, 
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passes through lenses 14 and 16 (o the fenses 13 and 15, and is deviated by a mitror 9 
the lonages being formed side by side at 10 and 11. “The axes of the positive an: 
‘egative cylindrical lenses may be parallel or at right angles to each other, and the 
‘apherical lenses may be disposed between the cylindrical lenses instead of having the 
Position shown, ‘The spherical and cylindrical elements may be combined in much 
‘way that at least one lens has a spherical fice on one side and a cylindrical fice on 


Instead of the plane entrance of exit surfaces shown. The images are projected on 
fo n screen 22 through « system which corrects the distortion, such system consisting 
for each image of 1 spherical lens 23 (Fig. 3) between cylindrical lenses 24, 25, Tho 
axes of the cylindrical leases may be crossed, in which case the lenses are either 








2 dee Fad 


ota by 


Las 
“joy 
jae 
Fin. 286,—E.P. 388,754 of Adam 
‘Hilger Ltd. and J. H. Dowell. 


both positive oF both negative, of the axes may be parallel, in which case the lenses 
are preferably of opposite signs. 

‘Tho most recent of the Cinecolor (British) patents iy E,P. 427,983 of 
Adam Hilger Lid,, and J. H. Dowell of that firm, The patent is of 
considerable importance, as means are propased for avoiding some of 
the theoretical objections to prisin-dividing systems of the type in which 
the prism block is placed in front of two or more objectives. The 
somplete specification will be quoted in full.’ 

‘The invention relates to the design of prism combinations for use in cameras for 
colour photography of the type in which, for the purpose of avoiding parullax, the 


* By permission of the Controller of HLM. Statlonery Office. 
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fight from the object enters a commen aperture and ts then divided into two oF 
‘more different beams which are conducted by prisms in the light paths to: corre= 
Sponding number of different photographic lenses. ‘The conditions which govern the 
Gesign of such prism combinations are discussed in the specification of patent 
‘No. 349,107, and means are there disclosed for obtaining equal magnification of the 
differently coloured images of objects ut all distances by the use of two oF niore 
‘different Kinds of glass in at least one beam. Cases may arise where the full correction 
there described is not of prime necessity, and where for reducing time or cost of 
manufacture a less perfect correction will be found a sitisfuctory compromise 

"The present invention has for its object means whereby the prism combination 
nay be constructed If desired all of one kind of glass and yet so that the different 
{mages of an object at any distance will have equal magnification within reasonable 
practical limits, 

'AS shown in the above-mentioned patent specification, dhe lateral shift of a 
‘oblique ray of light passing through  parallel-sided plate, which is the equivalent 
Of the prism system, depends on the refmactive index, and uccordingly the light 
turiving at any particular point on the photographic plate away from the axis comes 
from orie point of the object in the case of one colour and from a point at a finite 
distance away from the first in the exse of another colour, This separation sub- 
tends a nepligible angle at tho camera lentes in the case of very distant objects, 
‘but with near objects the effect is to produce images of different sizes which do not 
register mtisfactorily In the subsequent processes. 

Tn such systems the light of the variously coloured images arrives at tho camera 
Jecases by paths which are different before separation of the beams and not precisely 
‘euivatent thereafter, "The lenses are usually selected to be of equal magnification 
fn themselves. The condition for securing equal magnification of the various 
mmages is thatthe lateral shift relative to each Tens of the oblique rays of light from 
the object die to the passage of the rays through the prism system should be the 
‘tame for each path, 

‘Another way of expressing this ito say that the "* reduced distance for oblique 
rays" from the object to the lens must be equal. By" reduced distance for oblique 
‘ays "Vis here meant the distance measured parallel with the optical axis hy which, 
if the prism were removed, the oblique ray would travel in ait from the plune of 
the entrance face of the prism to the point where it cuts the optical axis. Distinction 
js to be made from "reduced distance " ay wed in customary nomenclature of 
‘geometric optics, which applies only to rays on or parallel with the axis. Aswuming 
that the principal plane of the lens is coincident with the exit surfuce of the prism, 
the ** reduced distatie "isthe distance at which the lens would be placed, measured 
from the entrance surface of the prism, ifthe prism were removed, that isthe position 
‘which the lens would occupy with only ar in front of it for equal conditions of focus 
fang magnification. 

In order to show more clearly the distinction bewween the reduced distance 
for un oblique ray and the Fedueed distance on the axis it may be stated that ino 
parallel-sided plate (which is the equivalent of a prism of the type here considered) 
‘Of length L. nnd refractive index N the reduced distance of a ray on or parallel 


withthe axis (that is, a ray: normail to the surface) is mimerisally equal 10 
whereas for an oblique ray at angle of incidenos i, for which the corresponding 
angle of reaction is, the reduced distance forthe obvi ray is \ SET 0h 




















Whea 10, se r=1, and cos 1; we then obtain iced distance = fora ray 


‘oF parallel with the axis, 
{huts been stated in the specification of Patent 349,107 that ifthe reduced distances 
(OF the puths traversed by light of the various colours are all made equal, auch & 
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system is correct for objects at all distances for rays on the axis, but this Is 10 
‘means the case for oblique rays. 

Since, however, the error in magnidcation of the images on the axis i ze¢0, anid 
very smal for small angles of oblique nsys, we can disregard the reduced distance 
‘00 the axis, and for a selected angle of incidence make the reduced distance for 
‘oblique rxy3 on two of more paths equal. It will be shown Javer that this is accom 
plished whet the lateral shifts of the oblique rays. for the different coloured images 
are nlso equal for the chosen angle of obliquity, and if ix convenient to consider 
first the conditions of equality for taveral shift 

Asconing to the present invention, the lengths of path trayersed by ve light 
destined to form the images of dilferent colours are so selected that for 3 ray in 
ident at a chosen anwle of obliquity the total Lateral shift relative (o the taking 
Yenses is the same for all the different coloured Images, Irrespective of the reduced 
‘optical path fength on the anit, and this may be done without necessarily using 
lasses of different refractive properties for the different light pats. 

“The angle will preferably be chosee 50 as to keep the errors for other angles ws 
amall-as powsible, due regard being paid to the relative importance of the different 
parts ofthe field of view. 

‘The accompanying drawings serve 10 illustrate the principle of the invention 
Fad show two examines of diving prisms in accordance witht and therein (ee 

Fig. 1 is 4 diagram of rectified light paths in a prism combination. 

Fig, 2 is n corresponding diagram including an si space, 

Fig. 3is.a diagrammatic section of a two-colour prisin system, and 

Fig. 4 is n diagrammatic section of a three-colour prism system. 

Referring to Fig. 1 (Fig. 287) the optical axes of the prisms have been rectified 
{0 lie along the straight tine A and the common entrance face is indicated by, the 
line 1D, the exit faces for the colours Rand G bein Ey and E, respectively, The 
‘rincipal plane of each lens will be assumed coincident with the exit surface of the 
Sortesponding priam oF placed at an equal distance from the exit fhoes of the prise. 
Array C enters the prism system ut the height h above the optical axis und at an angle 
oF incidence the angles of refraction being 75 and re respectively For the two colours. 
‘The path lengths in the glass are thet so selected according to the invention that 
‘both rays puss out from their respective ext faces on the optical axis A, or otherwise 
expresied, 1 that 








Ay tam ree tan, 
where 1, = Jength of glass path traversed by light of wavelength Ry 
LZ = length of glass path traversed by light of wavelength G, 
‘= angle of refraction for light of wavelength Ry 
7, = angle of refmetion for light of wavelength Gi. 

‘When the glass paths are s0 proportioned, the reduce distinoes af the oblique 
fays ire ulso equal for the chosen angle to the optical axis, This will be clear stioe 
the Incident rays enter the prism at the sie height A-above the optical axis, These 
fore the reducnd distatice of the oblique rays nunerically equal to 4 tant (90° —i) 
muist be equal, | being the angle oF incidence, ‘Thus, since the lateral shifts of the 
‘wo rays relative tothe two louses are iade optically equal, and the reduced distances 
‘of the oblique rays are also optically equal, it follows that \wo images of identically 
‘equal size will be obtained. the fonses which form the images being placed at the 
same distance from the exit faces E, und E, respectively. 

{twill be understood that equality of inuge size is obained only wt the one chosen 
tangle of incidence, anid also on the optical axis where errors of magnification be= 
come zero, and that for smaller oF areater Angles of incidence the images will 10 
longer be of equal size. “Also, since the angle subtended by the image will vty 

ith the distance of the image from the lens, that # with the conjogate focus, the 
fected angie for the obliqie ray should be chosen for the mean position of the 
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focal range, oF for such position of vhe range of focus ws is most important for the 
porpose in view. Where, however, the angular field is not tange the departure from 
qual magnification Is well within practical limits over the whole of the Bald, For 














Fig, 287—E.P, 427,983 of Adam Hilger Ltd. and J. 4. Dowell. 


example, in colour cinematography of the kind in which two images are formed 
ide by side or one whove the other in the space normally filled by one image, a 
Tetis of 1-3/8 in. focus would be used in most cases. With such a lens the difference 
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fn magnification between the two images for a system in which the images are 
‘exactly equal ut an atige of 6° from the axis would not exoxed 0-000,003 in. betwee 
the axis and 6", and from 6" to 12° the diferesce would increase (with the opposite 
sign) 10 0000.05 In, for an object ut 3 distance, 

“Alternatively, while the prism is still made all of one kind of pass, the path of one 
colour jaye miay be made shorter than is requined by the above formula, the length 
‘of path then being muide up by an ale space; that is, inwead of placing the lenses at 
the same distance behind the exit prism faces aa would be the ease for equal optical 
path lenaths ut a given angle of incident light, one of the lenses would be placed 
further away that 

Le tin ree Ly tan re thy tan f 
where L, is the path length in aie for the sme wavelength as for Ly, he. the dstunce 
the Jens ia set ack as compared with the lens for colour 

Fig, 2 (Fig. 287) represents this cae, in which an air path in included forthe colour 
G, The actual exit face from the glass for colour G is iow Fy. but the effective 
‘nit face Is the plane E,.. The diggram clearly shows for this Case haw the laste 
‘mentioned formula is obtained. 

By way of example, the data for a two-colour prism wil be worked out, ‘The 
Brim may be of the form shown in Fig. 3, and be compows of one kind of glass 

ving the following optical values: 

N N N Na 
bso rss. 1sits 1s2t 

‘The prism is planned for transmission of light of mean wavelength 6,300 for the 
image, the Value of Ny being 15103, and the ight for forming the Gi image is of 
‘mean wavelength $,000, for which the corresponding value of Ny, is 15165. 

‘The prism is made up of two pieves cemented together, the joining surface H 
eine partly wllvered in known manner so as to reflect a desired percentage of the 
Aight and transmit the remainder, 

‘The axial beam is indicated in the drawhag, meeting the entrance face D perpeli- 
icalirly, ‘The ight reflected at the surfuce H passes on fo the reflecting sutfuce J, 
‘where itis reflected it « direction parallel with the original ditection of the light, 
‘and travels on to pass out at the exit foe F, of the prism. It is then focused hy 
the lens K ofthe film M. 

‘The transmitted light passes on to the reflecting surface P, by which it is reflected 
{0 the exit boundary F, of the prism. This light is focused by the fens Q on the 
film M, a mirror 8 being interposed to bring the beam af tight parallel with the 
other and to muke it similar as regards left and right. The dotted line B (sat the 
‘same distance from the lens Q as the exit face B, from the leas K. Thus the distanve 
{fom he face othe plane represent by the ine, sa lr pac, as ned 

L, in 

‘The value of Ly for the lower prism is 5:30 in, and we assume the prism isto be 

‘niade eorrect for an angle of 6°. From the Formwila 
Le tan Ly tan rath, tan f 
Ly tan 7. +1, tan 6° 

or 036769 = (a tan r+, tan 6°), 

‘The value of 1 is obtained by tral by allotting values to 1, wnd caleulating the 
corresponding Value of Ly. By 40 doing we find the value L..-- (08523 and Lo~ 
4/4816, Inserting these values and calculating the value of 
Ko tan ry Cb, tan nF, tan () 

for othor angles of incidence, we obtain the error in lateral shift, and dividing this 
amount by the magnification of the system —that Is, the distance of object from the 
Jens divided by the distance of image from the lens—we obtain the error in mgifiae 
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tion between the two images at the angle £, This works out In inches as follows for 
ian object at 3 ft, and 4 1 distance respectively: 


~0000,0020, 
=0-000,0015 
6,000,000 


+-0-000,0098 
+0-000,0310 


‘The + sign indicates that the image of colour Rs the larger: 

7 will be noticed that all the residual errors are amply within practical requir 
ments, If, however, the errors at the angles 9° and 12° were considered too large, 
{hey could be reduced by correcting the prism for an angle greater than 6" but here 
‘would af course be an increase in error at smaller angles. 

"AS a further example w three-colour prism will be worked out. This may be of 
the form shown In Fig. 4 (Pig. 287), In thia peism light enters at the face D and ts 
firs divided in known manner at the dividing face Hi and tho transmitted light is 
‘gain divided at the dividing face T tn the desired proportion, 0 as to obtain three 
images, which would be formed by the lenses K,Q, and U all situated the same distance 
Ibohind the respective exit faces Ey, Ey. nnd Eye 

"Assuming the prisin sto be constructed of one kind of lass having the sanve optios! 
properties ax the example for the two-coloue prism of Fig. 3, with Hight of wave: 
eagths 6,300 and 5,000 forming the Rand G images respectively, and that the light 
fort thd image Bl bef mean ‘wavelength 4,046, the corresponding value 
198 Ny is 15217, 

Tn this case we assume all the paths will be of glass, corresponding to the disgrain 
of Fig and thatthe path Ly wi 6 I-as before the prism is to be 
for as angle 


from which 





az 





Ly tan ryy (ath ry tat 








tetylitsom. 


Caliilatie for other angles, the following: errors of magnification compared with 
the G images ate obtained, for an object at 3 M1. and 4 (respectively, calculated 
exactly as before 





3h R. af B. Aft. R 4f 
= 0-090,0000 000,000 0.090,0000,_0-000,0000 





“The sign indicates the picture magnification relative to that of the green. Here again 
i willbe seen that the residual errors are of to practical significance. 

Tt wil also be clear that one oF both paths could be made up in either case of 
floes of diferent recive nds, hat he pan camino a lary 
fa two-colout camera could be of one kind of glass und the prisms individual to 
the two colours of another kind of glass, In other words the selection of the glasses 
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{s made in the present case solely on the basis of length of path accepting the refrac 
live indices of any glasses which may be available, whereas ia our prior 





‘The procedure willbe outlined for the ose of + two-colour system, 
Suppone the lens corresponding to the path whose refractive index it N, has a 
sightly greater focal length than that corresponding to Nq. Consideration rst 
‘sien 10 whit range of foc will be most useful forthe purpose 1 View, 
‘mean position of the focal plane determined, that isthe distance from the 
AK which the image willbe formed, which can be compated from the formula 
Vn Us Wher Faust fst lng ofthe ens U te equivalent dunce 


fromm the lens to the object in air, and V the distance from the lent to the Inns 
‘Since the magnification of both images must be the samme, 





‘distance of the object, we 
then calculate the corresponding distance U, the equivalent distance from the 


Alto, since the difference in object xize for equat angle of incidence / must be 
‘equal 10 the difference of literal shift for each of the pats, we have 
Uy tan (Uy tan tL, tan rend tan 
from which we obtain 





vB 

‘itis clear thas the object size for equal angle of incidence iy also proportional 10 
: Gy 
ey 
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We can therefore say that the sun in every light path of the total lateral shift be= 
‘tween the common entrance fice and the lens and the lateral displacement over 
thse distanos ftom the object to the common entrance face is directly proportional 
tothe focal length of the lens associated with that ht path. 

i will be noticed ka the above thit reference is made to the diference in object 
site for equal angle of incidence j,1¢ can be shown that this Uiflecence in object 
‘ize corresponds 19 the difference in jniage size resulting from the focal diference 
Ta the lenses, 30 that, for the same point on the object, images of equal size are 
obtained for a chosen ingle {for ans of the colours; but it will be clear that a ray 
Coming from & point on the object at the chosen angle {far ons colour will proseed 
{o the lens of any other colour at an angle slighty different from 1, but this slight 
Uliffence of angle just compensates for the difrence in focal length of the lenses. 

It will uso Be clear that the arrangement first considered is 4 special case of the 
‘mote general treatment just given. The leases being of equal foval length, the sur 
{nentioned will be equa for all paths. Moreover the lateral displacement over the 
aliedistange from tho object to ths common entrance Face fs now equal, since the angle 
Of Incidence Is the same for all colours. Hence the other teem of the sum must be 
the sume for all colours, viz the laterit shift between the common entrance fice 
fand the lens or some point similarly situated on each path in telation to the lens: 

Having now particularly described and ascertained the nature of our suid tn. 
aon tn vat manne he sme tbe performed, we dear ht what we 
lain is: 

1. In of for a camera for colour photography 1 lightalividing prista system in 
‘which the lengths of path traverses by the light destined to forms the images of difir- 
ent colours are so selected that for a ray incident at a chosen angle of obliquity 
the total Lseral shift relative to the taking lenses is the same for all the different 
coloured images irrespective of the reduced optical path length on the axis, 

2A pr aystens as clawed in Claim 1 in which the path traversed in glass by 
ight for ove image corresponds as regards equality of lateral shift to # path partly 
‘of glass and partly of air traversed by light for another image, the paths being 
Feckoned from the common entrance face of the prism sysiem to points equivalent 
Jn relation to the respective fons, 

3. A prism system as claimed in Claim 4, in which the ale paths of the Hight relative 
to the leases for all images are equal, so that the corresponding parts ofthe aifferent 
ahs are solely in the lass, 

“4A prisn system a8 claimed in Claim 1,2 0¢ 3 in which one kind of glass is used 
(or all the paths. 

‘S.A prism syatom us claimed in Claim 1, 2 ar 3 in whish two oF more Kinds of 
lass of diftercot refractive indices are uted in one oF mora Of the different paths 
traversed by light of the diferent colours. 

‘6. A prismaystem modified in relation to those claimed in any of Claims 1 to 5 
in that the pall lengths are slightly adjusted {rom the Values computed secording 
{to those claims ao as to campensite for sill differences in foous oF the correspond 
ing louse: 

7. in of fea two-colour camera a Tight-dividing prism system substanttally 
as described with reference to Fig. 3 of the acoompanying drawings. 

In oc for a threecolour camera « light-dividing prism system substantially 
described with referunce to Fig. 4 of the accompanying drawings 
Dated the 2nd diy of October, 1934, 


Projection prism erecting systems for use in additive projection 
‘of pictures, in. which the images are arranged side by side, the width 
of the pictures being along the length of the film, are described in 
E.P. 394,385 of Adam Hilger Ltd. and J. H, Dowell. Registration 
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is effected by movement of one of the reflecting surfaces or of a group 
‘of them, and the rays from the companion images are completely 
































Fig. 288—D. Daponte's EP. 394,485. 














the point where the optical paths of the beams diverge from one 
another. Figs. 10-12 (Fig. 288) show one form for projecting pairs of 
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‘mages, in which each light beam undergoes three reflections at the 
ccathetus faces of right-angle prisms, Fig. 10 being a plan, Fig. 11 a 
side view, and Fig. 12 a front view. The rays from the left-hand image 
are incident on a prism Al by which they are reflected down to a 
prism BI reflecting them to the right on to a prism Cl by which they 
are reflected towards the projection screen, The rays from the right- 
hand image are reflected upwardly by the prism A2, then to the left by 
the prism B2, and forwardly by the prism C2. ‘The prism C2 is separate 
from the others and is adjustable about two axes at right angles to 
register the projected images on the sereen; the other five prisms are 
‘cemented together, Interference between the two images is prevented 
by extending the dividing screen S so that it passes between the prisms 
Al, A2, The displacements of the two beams produced by this system 
lure symmetrical in relation to the axes of the projector, and are small 
enough to allow the light to pass through an ordinary projection 
window. A mounting for this system is described. Figs, 13-15 are 
views similar to Figs, 10-12 of another system in which each beam under- 
‘goes four reflections so that the system can be used for the projection 
of film taken by a camera operating on its side and not fitted with 
erecting device, the film being used in the projector the normal way 
round, e.g. emulsion side towards the condenser. This system com- 
prises two units, one for each image, each comprising three right- 
angled prisms Al, Bl, Cl and A2, B2, C2. Each prism BI, B2 is 
arranged so that its cathetus face serves as a light entrance and exit 
surface, and the light is reflected by each of the other two faces. Light 
from the left-hand image enters the prism Al and is reflected down 
into the prism BI, the roof edge of which is below the cathetus face 
and inclined at 45° to the axis of the lens system. After two reflections 
by the prism BI the light enters the prism Cl, by which it is reflected 
towards the screen. Light from the right-hand image undergoes 
similar reflections by the prisms A2, B2, C2. With this system the 
emergent rays are in the same horizontal plune as the incident rays. 
Registration is obtained by making the unit Al, BI, Cl adjustable, 
the adjustment indicated in Figs. 13 and 14 being about two axes at 
right angles intersecting at the point F, The screen $ extends between 
the prisms Al, A2,’ 

E.P, 346,454 of D. Daponte deals with the same subject-matter 
(Fig. 289), "The principal claim is: 

‘An optically folded projecting system for combining side-by-side images on the 
{ili into a single image on the screen having an adjustable split mirror placed in or 
‘near to the plane in which the Image of the condenser is formed by the projection 
{ens and in combiaation with » split projection lens. 


This beamsplitter was used by the Brits Reafita Syndicate Lid in place of the 
Fraticita beam-splitter (see page 279). A collimator was placed in front of the whole 
system, 
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3F. Two Images of normat size disposed vertically one above the other. 
Pull-down normal and each picture exposed twice—ise. once in 
each gare. 


The Hillman camera will be referred to briefly under this heading 
(eg 3F). London Film Productions Ltd, was closely associated 


Fig... 


% 69 
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(EP. 404,307, 1933) The gate had two standard openings, two frames 
being exposed simultaneously through the standard two-colour filters 
Wratten Nos, 28 and 40s. ‘The filters were mounted in am oscillating 
member (Fig. 291), The film was moved downwards one frame at a 
time and the upper picture received a second exposure through the 
same filter after having arrived in the lower frame. Thus every image 
was exposed first in the upper gate and immediately after in the lower 
gate, The rotation of the shutter was in the opposite direction to the 
Travel of the film, and the second exposure of a negative actually 
began before the first exposure of the following negative. It was asserted 
that the different motion phases compounded in any one image were 
the result of half-exposures only, and that there was therefore very 
litte fringing. In practice the time-parallax was distinely visible in 





Via, 290,—A. G. Hillan's BP. 405,307, 1938. 


projected pictures and became serious in the case of quick movements 
within 20 fi. of the camera. 

In E.P. 414,065 (Hillman, A. G., Johnson, G. H., and Colour- 
gravure Ltd.) the claims are: 

1, Process for the production on a negative band of colour con- 
stituent images (negatives), forming continuous series, the process 
having the following characteristics: 

{a) Each negative is the result of two or more exposures through 

the same or similar colour filters. 

(® Each negative (other than the extreme negatives of the band) 

is exposed to the same beam as the preceding negative and 
‘also to the same beam as the following negative, each of 
such beams being divided by appropriate means for this 
purpose. 
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2, Process as in Claim 1, having the further characteristic that 
the beam-dividing means do.not involve the passage of the beam through 
any refracting medium. 

3. Process as in Claim | or Claim 2, in which the exposures are 
effected by means of a shutter revolving so that the edges of the aper- 








Fro, 292.-E.P. 419,494, 


tures are moving at the moment when they effect exposure, in a direction 
contrary to that in which the tund moves through the camera, +0 
that the exposure of each negative commences before the exposure of 
the succeeding negative, etc, 

E.P. 414,059 of the same patentee dealt with means for rotating 
for adjustment the metal mirrors in front of the objectives and the 
detailed design of the oscillating filter sector (Fig. 291), See also 
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EP. 478,500, 483,079, and 478,501. The latter describes Hillman’s 
projection system. 


Furraer HILLMAN PATENTS 





BP, 483,817 EP, 494,333 
EP, 483,819 EP. 494,334 
EP, 483,820 


The French Francita camera, with which pictures were taken of 
the Coronation of George VI, was designed to record miniature 
images within the space of a normal frame (see Chapter II) (E.P, 








Fa, 293. 


419,894), in which the red and green records were exposed simultane- 
ously and the film moved half a frame and the blue exposure then made. 
‘The reflectors in this camera were precisely like those in the Hillman 
camera, being in front of the pair of objectives, made of metal and one 
of them perforated (Fig. 292). 


3G. Disposed at 90° 0 each other, or at some other angle. Separate 
‘gates and normal pull-down. 


Fig. 293 represents an arrangement of doubtful practicability de- 
signed merely to illustrate Class 3G. 


3H. Rotating mirror divider in front of two or more lenses. 
559, 


COLOUR CINEMATOGRAPHY 


The Technicolor patent E.P. 350,856 proposed a rotating apertured 
reflecting shutter in front of twa objectives at right angles 10 each 
other (Fig. 294), 


CLASS 4 
4, Two or More Lenses behind Negative Divergent Lens. ‘The Positive 
Lenses Photograph u Virtual Image produced by the Negative Lens 
R. Berthon and M. Audibert [4] patented a method of obtaining a 


Virtual image by means of an anterior lens and prisms or mirrors. 
This idea was further improved upon in E.P. 17,023, 1913, In F.P. 


Parchronatic Enulsion 


=e 





Yellow Filter 


Fis, 294, —Teehiticolor, E.P, 880, 886, 


458,040 Audibert proposed 10 use a negative front Jens forming & 
Yirtual image and three positive lenses in rear to form coplanar images. 
{, Thorier (5]sta.ed that this arrangement considerably reduced parallax 
because the virtual image taken up by the positive lenses has but litle 
depth of field. If/is the focal length of the divergent lens all the field 
included between a distance d and infinity is compressed into a space 
practically equal to f*/d. And calling F the foci of the posteriot lenses, 
R the ratio of the final image to the arial image, the distance D of 
the nearest point which can be satisfactorily taken is found from /)F 
@2+R+1/R). The ratio system of the complete system is 1/n (R--1), 
in which 1/n represents the ratio aperture of the posterior lenses, It 
is easy by making R <1 to increase the luminosity of the lenses, 
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In E.R. 355,835 this principle was further modified (Fig. 295). 
C, D, is a divergent objective, 0%, 0%, 0%, are Jenses producing three 
images on the sensitive surlace M. ‘The divergent objective has its 
nodal points N#, Ni, in advance of the lenses, so that the aperture of 
the objectives O', 0%, O%, can be increased or the total length of the 
apparatus reduced. ‘The focal lengths of lenses Cand D are respectively 
250 and —90 mm., and these lenses are mounted s0 as to be almost 
in contact, 

‘The Audibert optical system may have certain minor defects from 
an academic point of view, but these would probably turn out to be 
less than the errors encountered in three-colour superposition printing. 
There would probably still be found to be a small amount of parallax, 
even taking into consideration the shallow depth of field of the virtual 
image, Other defects, such as coma, might also be present. 


Lett 


Fig. 298, 








CLASS 5 
5. Two or More Lenses behind Inclined Glass Plates 


In E,P, 435,222, A, J. Arnulf, a French inventor, proposed to avoid 
parallax by using inclined parallel glass plates in front of two or more 
‘objectives. ‘The suggestion is original, and it might provide a satis- 
factory means of eliminating parallax. 


“The principle undetlying the invention will be described by way of example 
with reference to the accompanying drawings, whetcin Figs. t to $ are explanatory 
diagrams (Fig. 296), 
tis known (see Fig 1) that a plate having parallel foes reseiving at the angle / 
tne bea SY doesnt dal! his be but displaces it laterally by w distance 
such that 


1 cos 
8 (ea) 


being the thickness of the plate, {the angie of incidence, and the refractive index 
of the plate, 
‘Or, approximately, when / is equal to or smaller than 10', 


ie (1!) ain 
It results from this that if a plate having parallel inclined faces is placed before 


the objective of a catnera, the rays incident ut the same angle { from all the points 
(of the landscape, whatever be their distance, are displaced laterally by the quantity 
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Fo. 296 EP, 435,222 (A. J. Amul), 


4 Te results fromm this that the coresponuing displacement 8 on the plate or the fim 
will be 

ca 
D bing the distance ofthe point considered and the focal lenuth ofthe objective. 
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It is seen that this displacement & on the film is greater as the object is nearer. 
It is zero when D is infinity, 

“There is thus the possibility of displacing laterally the images of points in planes 
positioned at a finite distance from the objective in relation to those of points at an 
Falinite distance which remain fled, the displacement being greater ax the distance 
1 of the plane considered is less. 

‘This piwenomenon is utillzed according to the invention in order to correct the 


parallax, 

‘Optical devices wre already known comprising plates of lass having parallel 
faces combined with objectives. But the employment of these glass plates has for 
object in these devices either the correction of the distance of the optical axes of 
the objectives for the examination of photographic views or of compensating in a 
‘cinematographic projection the continuous displacement of 4 film. In other words, 
in these devices the plates of glass having parallel fuces are used at variable inelina- 
tions in order to obtain the same displacement of images of objects positioned in 
the tame plane, On the contrary, in the present invention the gliss plates having 
parallel faces are used at a fixed angle in order to create different displacements 
Di the images of the various planes unequally distant from the objectives. This 

le will appear more clearly in the following description. 

In Fig, 2 indicates the parallax of the point A jn relation to an infinitely distant 
poitt positioned in the same direction. In order to suppress this parallax, « plate 
having inclined parallel faces is placed before the objective Os, which will give 10 
the paint A in the convesient direction 1 deviation sufficient to return the image as 

“This deviation will be such that 3. 
the focal length of the objectives, ¢ the distance between the axes of these 
and D the distance from the point A to the plane of the objectives, then 






4 
"i 

By equng be valves Bande) 
iy 2b 

whence te 


Ls 

or om. 

“There is thus obtained a very simple condition for eliminating the parallax, 
1 condition which is indeperident of the focal length of the objectives. ‘This is ex- 
pltined prctcally by the ft that when the distance between the axes of the objec- 
tives has been chosen, the same system of parallax correction plates might be used 
‘whatever be the focal length of the objective system employed. 

{twill be noticed, likewise, that this condition is independent of the distance 
(of the point considered, 

It revulis from this that if the parallax correction has been effected for » given. 
plane of the object space, it will be effected for all the other planes, 

"The effect produced by the plate having parallel faces in the suppression of the 
faralsx may be expres under soromwhat dierent for ‘The plate having parallel 
faces has for effect to produce virtual displacement from © to O* of the inlet 
aperture of the objective. In order to suppress the parallax, the plates will be choses: 
$0 that the optical axes of all the objectives are virwally brought into coincidence. 

‘One form of practical device, in the case af two objectives, i illustrated in Fig. 4 
Each objective O or OF is provided with a plate Ly or Ly, the effect of these plates 
being to elfecta victual displacement towards each other, and by the same amount, of 
the two axes. ‘The adjacent fies of the two plates are blackened and jolted together, 

Ts the case where a number of objectives, greater than two, are employed, the 
pltes will be disposed as described hereafter 

“The optical axes of the monochromatic objectives are arranged fo pass through 
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the apices of a polygon, having 3.4, ¢tc....m sides, acconding to whether the number 
of Obiectives is 3, 4, ec... m. All the objectives will be provided with entice) 
plates, these plates being disposed in such way that the optical axes of these of 
‘eetives are brought into virtual coincidence atthe centre of the circle citeumacritoy 
‘on the foregoing polygon, 

[The lines of greatest inclination ofthe plates will be pnrallel to the tines which 
Join the apices af each polygon to the centre of the circumscribed cite. 

iis leis not absolute. The plates may have staler thicknesses or smuliec 
‘melinations than those necessary completely to correct the parallax, 

Likewise, the plates may have greater thicknesses or greater inclinations than those 
nesestity 10 correct the parallax, which will have for effect to invert this paraligg 

itewise, a system of plates may be provided, the inclination of which tothe optical 
anes of the objectives is variable, the inclination of al the plates remaining ldesticy 








and the lower part in plan. The arrangement shown in Fig. 5 i adapted for wee 
Sagi of the parallax for a system of four objectives, the axes X", X"X", X¢ OF 
‘Which are urranged to pass through the corners of a aquare, 





‘865 of these objectives, substantially as describe, 
i sy det 25 claimed in Cisim | wherein more than two objectives are employed 








4./A device for taking ph ‘or ‘views in colours and 
feduce, to eliminate, of to increase the paralax effects of the 
‘constructed, sand adapted for use 





CLASS 6 
For an example of Class 6 see page 273, 


BEAM-SPLITTER PATENT ANALYSIS: ACCORDING TO CLASSIFICATION 
(Unttep Kiepom Parents Oxty) 


Class 1, 
pie ae taSy Pr 
136,595 350,112 110,595 1373308 
a a ES 
BO 
407,287 $03,222 464,637 340973 
492,673 347,946 


Reprinied by permission ofthe Control of Hz Majay ‘Stationery Office. 
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Fig, 298.—Bell and Howell camera with bipack 
‘magazine and special yate 
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Class |—continued: 
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THE “72" METHOD 

This method of recording colour negatives was revived by Gaspar 
color Ltd. in England in 1935, It was used for @ time with some 
‘measure of success (Fig, 297), 

The visibility of a fringe is determined by the fact that if its dimen- 
sions are such as to subtend less than an angle of 1° 30° at a given 
distance it will be impossible to distinguish. ‘The following formuls 
will be found useful: 

‘Angle in seconds 
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so long as the distance is at least 100 times the height (or width) of 
fringe or clement in question. 
Therefore: 
Height 
‘Thus, say 1' 30” is the limit of resolving power of the eye, and assume 


distance of screen from the front row is 25’, the limiting fringe in 
inches would be 


(25'<12) = 90° (seconds of are) _ 27,000 
2196 OE gs O13" Cinch), 
‘Suppose the screen to be 20’ in width, then the magnification would be: 
6000 mm. 
207=6,000 mm S590 2273 for 35-mm. fn). 


‘Therefore the actual dimensions of the fringe or clement in question 
‘on the film must be 


Distance » angle in seconds 
86265 
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CHAPTER 6 
Bipack 





Shas been stated in the historical summary, the bipack was 

suggested by Ducos du Hauron in F.P. 250,862, 1895, and by 

A. Gurtner in E.P. 7,924, 1903—the latter patenting the idea 
of combining two plates face to face, the plate nearer the lens being 
coated with a slow chloride, or chloro-bromide emulsion sensitive 
to blue and violet, the emulsion being stained a deep orange, the rear 
plate was to have an emulsion sensitive to orange and red. Other 
Dipacks followed. 

‘The bipack has played a very important part as a means of recording 
nogatives for colour cinematography. G. Battistini patented the 
arrangement of bipack and a single film in two gates at right angles 
to give three-colour negatives (E.P. 873, 1915). W. Buchanan-Taylor 
and others patented a similar arrangement in E.P. 12,469, 1914, 
The camera contained a semi-transparent mirror to reflect the light 
to gate A accommodating one film, and to transmit the light to gate 
B accommodating two films, the bipack. 

‘A, Hamburger and W. E. L, Day in E,P, 136,595, 1918, patented , 
the same "* semi-dialyte "* type of camera, ‘Two films sensitive to blue 
sand green respectively ran face to face through one gate. The other filma 
was red sensitive, passing through a second gate at right angles. The 
patent is only for the feeding mechanism. Hamburger tiever used this 
arrangement because he never perfected a three-colour printing process: 
The Debrie camera which was made for his two-colour " Polychro- 
mide process could be used for thre-colour with minor modifea- 

ions. 

P. D. Brewster was one of the first to apply the bipack negative 
system for two-colour recording (E.P. 2,465, 1915), and he was one of 
the first, if not the first, to use registering pins in cameras and pro- 
Jectors (U.S.P, 1,359,024, 1920). 

Nearly all the two-colour American processes mentioned in. the 
chapter on subtractive processes used bipack for negative recording. 
Naturally, American emulsion manufucturers concentrated on the 
problem and ultimately Du Pont produced an excellent bipack under 
the trade name of“ Dupac."” The corresponding Eastman products 
are 35-mm, Special Negatives, Bipack Orthochromatic, exterior, Type 

+ See lio W. ¥.D. Kelley, 214 
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1234, and Bipack Panchromatic, Type 1235, The former consists of 
arred dye-overcoated orthochromatic film of medium speed with colour 
sensitivity and contrast balanced to daylight illumination. This is the 
front film to be used in combination with Type 1235 to make separation 
negatives of exterior scenes for two-colour printing processes. Eastman 
also make Type 1236, known as Bipack Orthochromatic, interior, which 
is an orthochromatic film with red dye overcoating, similar in use and 
purpose to Type 1234 above, except that its colour sensitivity and 
contrast are balanced for tungsten illumination at 3,200° to 3,400° K. 
‘Type 1235 is known as Bipack Panchromatic, interior and exterior. 
Itis a panchromatic negative film balanced in speed and colour sensi- 
tivity for bipack work. It is always used in combination with one of 
the above orthochromatic films to make colour separation negatives 
of two-colour printing processes. 

Both Bell and Howell and the Mitchell Camera Corp. studied the 
special camera requirements. Suitable magazines were designed and 
changes made in the gate. When bipack is used the focal plane is 
about 00045 in. further back from the lens than in the case of normal 
film, because, it must be remembered, that the front film is turned 
emulsion side away from the lens and in contact with the emulsion of 
the rear film. Then the question of perfect contact of the emulsion 
surfaces of the two films had to receive careful consideration. In 
the Mitchell camera four small rollers were introduced with satis- 
factory results. Bell and Howell place two of their normal black-and- 
white magazines one on top of the other (Fig. 298). 

Bipack may be used in two ways for the recording of three-colour 
negatives. First, in any beamsplitter camera in which the beam is 
split into two, there being two gates.. Bipack is exposed in one gate 
and a single film in the other. 

Now in such an arrangement it is obvious that the bipack can be 
wed to record either the blue on the front film and the red on the 
back film, or, alternatively, the green on the front film and the red 
on the back film. The latter choice is possible because the front film is 
an orthochromatic emulsion, and therefore sensitive to the green 
and blue light over the whole of these two trichromatic regions. ‘The 
former arrangement, in which the blue light is recorded on the front 
film, was patented by Technicolor in E.P. 373,429, 1931. (For full 
description, see Chapter TV, p. 512.) 

When used for three-colour in the above manner, if the blue is 
tecorded on the front emulsion of the bipack, then no filter is used. 
‘The front emulsion is coated on its surface with a red filter excluding all 
light other than red from the rear panchromatic emulsion. On the other 
hand, if the green light is recorded on the front emulsion a yellow filter 
(minus-biue) is used. Naturally these filters are placed only in that part 
of the beam which has been directed towards the bipack. The bipack 
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ccan be placed either in the direct beam or in the diverted part of the 
beam. 

These arrangements presuppose the construction of a bipack a3 
hitherto manufactured, having a filter of some kind introduced between 
the orthochromatic front film and the panchromatic back film. Such 
f filter may be coated on the surface of the front emulsion or it may 
be parily embodied in the emulsion itself. The filter is gencrally & 
deep red-orange and is essential, otherwise blue or green light would 
reach the back panchromatic film and there be recorded, Technicolor 
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Bi-pnck 
Fia, 299-—How. Technicolor EP, 349,318 could be wed to oblaln three-colour 
‘negatives on hipack, Film 16 be pulled two frames at a time, 


claim an advantage in using a magenta filter in connection with a 
hipack, since they declare that the red filter incorporated in the bipack 
is subject to slight variation, and that this variation is 
‘out by the fact that the magenta filter with its sharply cut red absorp 
tion band stands in front of the bipack. However, the method is not at 
present in use, In other words, the claim is that the alternative method 
of using a yellow filter in order to get a green record on the front film 
‘and a red record on the back film would possess the disadvantage of 
yielding somewhat irregular results owing to the slight variations in the 
red filter of the bipack. 

“The second method is to record simultaneously or successively a 
magenia filter record and a yellow filter record on a bipack film (Fig: 
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299), By this method, if the records are made simultaneous and the 
Pictures are full-size, we shall use four times as much negative film as 
black-and-white, because four frames ate exposed at a time. {tis thus 
‘an expensive solution of the problem. Also, if both exposures are made 
simultaneously, the camera mechanism would have to pull the film 
down two frames at atime. On the other hand, beam-splitters such as 
the Cinecolor (British) or Raycol would yield four miniature negatives 
on two frames. The patent granted to Colour Photographs Limited 
(E-P. 363,000), covered this method of taking three-colour negatives, 
‘plied in any case to the normal bipack (see below), 

In E.P. 377,706 an interesting subtractive printing process is described 
in which a developed positive film is coated with a layer of gelatine 
containing a pigment or dyelake and after drying treated with a bath 
corresponding to the well-known" Carbro ** bleach. ‘The coloured 
Selatine layer is thereby hardened in proportion to the presence of 
tilver in the underlying positive layer by the compounds liberated 
by the blewching process. Subsequently, the film is washed in hot 
Water and thus a relief is formed, ‘The gelatine of the underlying 
silver image may be hardened at any stage prior to the hot-water 
treatment, and, subsequently, the bleached silver is removed. Suitable 
baths for the bleaching and hardening. process comprise: (1) chromic 
acid, potassium bromide, and. potassium ferricyanide, or (2) copper 
chloride, potassium bichromate, and potassium bromide, Suclt a 
Process has possibilities for two-cotour films, and it might eas 
be combined with some further processing in order to obtain a third 
coloured layer, 

E.P. 400,264 of D. A. Spencer and H. D, Murray is a very original 
Proposal to combine additive and subtractive principles of colour 
Aynthosis. They proposed to use a beam-splitter device of the type 
which will give two images one above the other (as in Rayeol, Cine- 
Golor, ete). ‘The two images ure recorded on bipack, This provides 
four nogative images thus: 














Neg. h Neg. i, 
‘The Front Flim Records. The Back Film Records, 
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«Red 
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For frame 1 a magenta filter is used; for frame IIa yellow filter, 
{These negatives are printed on double-coated stock. The side printed 
from negative T is toned primary red, The other side printed from 
Teeitive IT is toned cyan (minus-red), These records are now projected 
through filters which are additively complementary and are of such 
colour and so adapted to the frames that each filter will absorb those 
rays of light which are transmitted by the primary colour a record which 
is abtent from that frame, 
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‘This isa very ingenious conception, but it possesses serious commercial 
disadvantages. The projection system requires a special rotating 
disc on the projector, No really satisfactory beam-splitter has been 
designed which will give two fullsized frames one above the other. 
Lacking such an optical unit recourse would have to be hud to sub- 
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FG, 300,—Throe-colour negatives obtained with beameaplitter camera using bipack 
EP, 363,000 (Spencer) 
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Fro, 301. 
standard images such as are obtained in the Raycol and Cinecolor 


(British) cameras. Finally, itis very doubtful if icker could be avoided, 
‘since at normal projection speed there would be twelve alternating frames 
having slight colour differences which would certainly be perceptible 

to the eye, 
‘The above patentees are responsible for an important bipack patent 
(E.P. 363,000) which claims the method for obtaining three-colour 
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negatives by means of a single exposure with a beam-splitter camera 
fon bipack material of the normal variety, namely, having the panchro- 
matic emulsion on the rear film. Adjacent frames simultaneously 
recorded are taken through yellow and magenta filters respectively 
(Figs. 300, 301), 

Further possible alternative arrangements are described, 


‘Du Pont Bipack 

Du Pont in BLP. 505,861 describe a bipack from whieh three separa- 
tion negatives can be obtained by a sequence of operations applied to 
the rear element. The bipack consists of a front blue-sensitive yellow. 
dyed clement single-couted of the normal type. The rear clement 
Carries a two-layer coating, the front layer being green sensitive and the 
back layer red sensitive, ‘Between the two layers is a red filler layer 
‘The yellow dye in the front emulsion and the ed filter interleaving layer 
ate destroyed in the developer. 

After development of the rear element a postive intermediate print 
{s made from the combined green and red negative records. Neat the 
double-layer negative is bleached and the top layer only is re-developed 
With a viscous developer. On fixation the bottom layer is eliminated. 
‘The intermediate positive made previously from the two-layer film is 
Row used as a mask and a print made from the two combined. ‘The 
Fesulting print will be a duplicate negative of the destroyed image whieh 
Fiusttuted the rear emulsion. We therefore now have three negatives, 
The front element of the bipack, the front negative of the double-coated 
rear element and a third negative derived in the manner described. 

The claims are;— 

1. ‘The method described for the production of independent colour 
Separation photographic records from two or more colour separation 
records inseparably superposed on the same support, characterized in 
that the elimination of one of the records is effected after the records 
have been developed to silver images, by bleaching all the revords to 
Gonvert them to silver salts, re-developing all but the innermost record 
by means of controlled development and finaly dissolving away the 
undeveloped silver salts which formed the innermost recon. 

2. The method according to claim 1 applied to the processing of the 
fnultilayer element (or eloments) of a bipack in which one support (or 
both) carries two superposed emulsion layers each sensitiond toa 
Particular colour range and in which the layers of both members of the 
bipack have been exposed simultaneously to form the original colour 
separation records. 


Use of Bipack 
Contemporary technical procedure in the employment of bipack is 


Well described in a recent paper presented by John Boyle, A.S.C., at a 
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convention of the S.M.P.E. in October 1946, to which we are indebied 
for most of the information here given. 

‘The following changes are necessary to convert the N.C. type 
Mitchell for bipack: 

1, Move lenses towards the film (emulsion) plane a distance of 
(0:0045 in, then use normal calibrations for focus. Cameras with 
standard instead of * slip-ring "lens mounts would have to be 
either eye focused or recalibrated. 

2, Adjusting tenses will necessitate “* skimming” the ground glass 
‘back 0-0045 in. 

3, Remove “ stripper " shoe at back of main sprocket and replace 
‘with * cutaway "” shoe. 

4. Lock off clutch, 

5. Substitute either a four-roller pressure plate, or a solid pressure 
plate. In the four-roller plate the top roller is straight while the 
Other three rollers are crowned 0:003 in. The four-roller pressure 
plate is patented by the Cinecolor Corporation and license for 
use is gninted by the patentees. The solid type plate is erowned 
003 in. and is of polished chrome, Pressure can be obtained 
With a solid screw or by use of a spring twice the tension of the 
normal spring. In practice use is generally made of the solid 
screw for the four-roller plate, being careful to avoid"*ran-outs."* 

Boyle states that the proper adjustment of the pressure plate is 
very important; insufficient clearance with consequent “* punching "* 
Will cause perforation damage and out-of-register images, while too 
much clearance will destroy contact of the rear negative resulting in 
“breathing ** and out-of-focus pictures. 

‘A test chart is photographed at the end of each day's work and the 
paired negatives carefully examined for contact, any lack of which is 
ruinous to the rear image. The back negative should be compared with 
a standard of excellence retained as a control. 

Coated lenses have given the best results and satisfactory pictures 
hhave been made with lenses varying in foci from 24-40 mm., but such 
wide-angle lenses must be used with discretion, 

Owing to the difficulty of obtaining adequate illumination with 
tungsten lighting and variations in colour temperature only the exterior 
type of bipack has been used in the Hal Roach Studios, in which a large 
number of two-colour films hive been made. Generally HI. arcs are 
‘employed, the general illumination being identical to Technicolor. 

Boyle notes that back light should be kept to a minimum, only the 
necessary amount being used to give detail in hair and separate the 
colour planes, An undue amount gives bluish highlights. In exteriors, 
backlight causes grass and foliage to reproduce as brownish in tue and 
should be avoided. For street scenes and exteriors where there are no 
deep shadows, overcast weather conditions have given the best results 
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(HLL arcs and booster lights assisting) for foregrounds and faces. The 
use of an ultra-violet absorbing filter helps in rendition of flesh colours 
and textures. In general the set should be fully lighted, avoiding deep 
shadows. With coated lenses at an aperture of 1/28 a keylight of 30 
foot candles is employed, filled to an over-all luminance of 650 foot 
candles, For night effects and somewhat deeper shadows, less fill and 
more cross-light should be used. Night effects are accentuated by the 
use of practicals "and brightly lit windows, Generally some twenty 

x cent. of the lights used are tungsten lamps used with Macbeth 
* Whiterlite "filters. Occasionally ordinary incandescent spots are 
sed without correction to emphasize reds or orange. Because of the 
Volume of light necessary, large units are used as far away from subjects 
as set construction will permit. The familiar Y-I filter is used on all 
HL. spots, to cut the excessive blue-violet, but as in Technicolor lighting, 
the Mole-Richardson broadsides are used without filters. The side arcs 
give a colour-temperature of 5,500" K. The H.1, ares with 170-Y-1 
Brigham gelatines are 5,900" K. 

Make-up should be on the light side to avoid a red-orange or sallow 
complexion. Lip rouge should be an orange-red, Greaso has given 
better results than "* pancake " and no make-up is used above No. 25. 
‘Owing to the light make-up, blended modelling is used to prevent mask: 
ing appearance and to break up colour into planes. For men, a beard 
cover must be used, otherwise the beard will reproduce as a blue 
shadow. No make-up is used on children, Three-colour make-up has 
not been a success, indeed standard black-and-white make-up in lighter 
Values hus been found more suitable, 

White shirts, towels and bedding should be dyed a buff otherwise the 
whites will be too “* cold."* 

Fluorescent cloth has been successfully employed to obtain a colour 
of high saturation, 

Very complete preliminary tests should be made to determine the 
Precise reproduction (in advance) of all the principal costumes and 
furniture and interior decoration, 








Instructions for adaptation of standard Bell and Howell camera for 
bipack. (By courtesy of Bell and Howell Company) 

When two films are to be run in the camera, as for the bipack colour 
Process, or any other processes requiring such arrangement, it is 
essential to maintain perfect contact of the two film emulsions during 
in addition to securing perfect registration of both fils. 
‘The Bell and Howell * Unit 1" film mechanism, which is equipped 
with stationary pilot pins. and full-ftting driving pins, is the most 
accurate intermittent movement available and ensures automatically 
Perfect register even though difference in length, due to shrinkage, may 
be found in the film raw stocks. 
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The Bell aid Howell “ Unit 1° film intermittent mechanism is, 
furthermore, so designed that sufficient clearance exists between the 
film register leaves, which form the film channel, to eliminate all dangers 
of surface scratches and abrasions. During the periods of film motion, 
the film, or films, are free from frictional contacts and itis only during 
stationary periods of exposure that the film is accurately located at the 
focal plane of the photographic lens. 

This control of film positioning is absolutely under control when one 
film is run into the camera, but air pockets may form between two films 
‘when they are simultaneously run through the mechanisms. These air 
pockets are duc to the resistance of two relatively large surfaces to keep 
in absolute contact, 

To eliminate the possibility of such occurrence, the Bell and Howell 
‘engineers have devised means to incorporate in the back register leaf a 
set of five rubber buttons which are made to protrude from the innet 
surface of the lead and act as air “'squeegees"” during the fleeting 
instant during which the film is starionary at the sperture and the camera 
shutter is not as yet in its eycle of exposure. 

With duc consideration to the above, it is quite obvious that the best 
solution to the problem of securing equally * sharp "' images for black- 
and-white single film work and bipack, double film process, is to secure 
two interchangeable film intermittent mechanisms, one for black-and- 
white and one for bipack work, 

‘Tho two mechanisms can be delivered so that they are interchangeable 
with absolute security, Ia camera in the possession of the user is to be 
so adapted, it is necessary that it be sent complete to our works for 
careful installation of both mechanisms so that the films register 
perfectly at the focal plane. 

If two film intermittent mechunisms—one for black-and-white and 
one for bipack—are available, there is no need of further coocern, as 
they will be perfectly interchangeable, However, at times it will be 
found desirable to use only one" Unit 1" film intermittent mechanism 
which is s0 constructed as to be readily converted for single or double 
films operation. 

‘The following instructions contemplate such a case: 








Instructions for using a single “ Unit 1" B. and H, intermittent 
‘mechanism, interchangeable for single or twin films 


A. Tools (Fig. 202). Make sure that you have available the two 
wrenches which are delivered as standard equipment with each camera 
and which ate illustrated in Fig. 302. 

1, General utility wrench No. 231. 

2. Front and rear ball bearing cone wrench No, 233. 

Also prepare two strips of film about 6 inches long, cutting out the 
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film perfors fori ‘over a length of approximately 3 inches, as shown in 





}. Withdraw the * Unit 1 film intermittent mechanism and, using 
the general utility wrench, loosen the lock nut A (Fig. 3) at the rear of 
the camera, turning it slightly counter-clockwise as illustrated in Fig. 2. 

C. The cam setting rim * A "" (Fig, 4) is then loosened and can be set 
at will, If itis found that it is difficult to foosen it, use wrench "* B:"? 
(Fig. 1) as illustrated in Fig. 4. 

Do not force the turning of the ring and if t still offers resistance with 
the use of the wrench, merely tap the lock nut“ A” (Fig. 3) with the 
heel of the palm of the hand to jar it loose, 

Note that two reference dots’ B (Figs, 4, 5 and 6) are engraved on 
the rim of the cam setting ring which are to coincide with the edge of the 
casting “* C *' (Figs. 4, 5 and 6) and which by their positionings set the 
¢am ** D"’ so that it will bring the film mechanism register leaves, and 
therefore the film emulsion or emulsions, to: the focal plane, with 
exacting precision, 

D. When the two dot (Fig. 5) coincide with the upper edge of 
casting” C"" (Fig. 5), the intermittent film mechanism is set to bring 
the first emulsion at the lens focal plane for Bipack (double film) 
operation. 

When the two reference dots “* B"' (Fig. 6) are’brought to coincide 
with the lower edge of the casting C” (Fig. 6), the intermittent film 
mechanism is set to bring the film emulsion at the focal plane for 
“ single film * operation, 

E. After setting the cam ring at its proper position, fock the lock 
knob at the rear of the camera, using the general utility wrench, turning 
it clockwise as illustrated in Fig. 3. 

F. You are ready now to insert in the camera the“ Unit 1° film 
intermittent mechanism. See to it that it is pushed fully home and it 
can be easily locked in place with the provided locking latches. 

It is now possible to use the camera for either single film or double 
film work, according to the setting of the camera in and out register 
eaves cam. 

G. The rear register leaf’ A” (Fig. 7) is equipped with five rubber 
buttons “* B"* (Fig. 7) which can be pushed forward to protrude from 
the inner face of the back leaf, or retracted to be flush with this leaf 
Surface by a combination of leaves and suitable springs. 

‘When the levers “* C”” (Fig. 7) are in the position shown in Fig. 7, the 
rubber buttons are flush with the inner active face of the back register 
leaf and are in position for‘ single film "' operation. 

‘When the levers "* C"* (Fig. 8) are pulled out in the position shown'in 
Fig. 8 the buttons protrude from the inner active face of the back 
register leaf and are in position for" double film" operation, 

H. Although the setting of the camera cam is very easy and accurate 
$16 








BIPACK. 


if the above instructions are followed, it is good practice to check the 
film tension after the final adjustment of the rubber buttons is made. 

If the buttons are set for single film operation, take one single piece 
of film eut as shown in Fig. 2 and insert it in the** Unit 1” film inter- 
mittent mechanism as the film would be threaded for photographing 
operation. 

“The fact that the portions of the film where the perforations are, are 
cut away, oa that there will be no interference from either the pilot 





Using the small crank supplied as standard equipment with the camera 
at the rear single frame shaft, make sure that the register leaves are in 
such a position that they bring the film to the lens focal plane (photo- 
graphic position). 

Without disturbing this positioning, take-hold of the film strip as 
shown in Fig. 9 and move it up and down in the film channel, 

‘The film must be free to move without effort but a slight resistance 
(fim tension) must be felt. 

Experience, easily acquired, will tell when proper tension is applied. 

I. If the buttons are set for double film operation, make the same 
film tension test, using, however, both strips of film instead of only 
‘one. Tension resistance must be felt in cither the single or the double 
film test. 

J. The double compartment, double set film magazines are to be 
loaded as illustrated in the general view of the camera. 

tis important that the film loops be formed as illustrated, that is to 
say, the front film loops must be on perforation longer than those of the 
back film. 

‘The driving and take-up sprocket film guides and the sprocket teeth 
are so designed and constructed that they take adequate care of either 
single or double film. 

NorE.—It is advisable to make the film tension test even when two 
“Unit 1” film mechanisms—one for single and one for double film—are 
available. Film thicknesses may vary ever so slightly within accepted 
tolerances, or film tension adjustments may need checking. Pre- 
cautionary measures will never be found useless for exact results, 

K. After completing the film tension check, the camera is ready to 
be threaded with raw film, 

For single film, the cumera is, of course, threaded in the regular way, 
using the standard film magazines. 

For double film operation, the coupled “* bipack "* magazines are 
used and the film threaded as shown in the general view of the eamera. 

Ttis important that the loops of the front film be of greater size (one 
perforation longer) than the loops of the second film. 

‘The film magazines coupled for bipack work can be disassembled 
into two single units for individual use with single film. The lower 
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magazineis, however, equipped with 2 special adapter, and when used as 
a single magazine, the opening on top of the casting must be closed with 
the special cover plate supplied, and a longer fastening rod is to be used 
to attach the magazine to the camera, 

L. From the above, it is quite evident that when using the inter- 
changeable * Unit I” film mechanism for double films, the lens focal 
plane of the camera is pushed back an amount sufficient to com- 
pensate for the extra thickness of the front film. 

Since the ground glass at the focusing aperture is precisely set for the 
focal plane of the emulsion of the single film, compensation must be 
devised for setting the lens so that it will properly focus at the displaced 
focal plane. To this effect an index marking is engraved on the lens 
holder, identified with the reference letter B (Bipack). 

Focus visually the object through the regular ground glass and 
before operating the camera, rotate the lens mount so that the distance 
marking found by visual observation is switched to the"* B " reference 
‘marking engraved in the lens mount. 

For extremely close-up work such as titles, it is suggested that 
photographie check of the "* B”” marking be made, and additional 
reference points be determined according to the particular requirements 
of the operator, 

‘The above instructions are yery easily followed, and all operations 
require only a few seconds if performed in their sequence and with 
normal care. 








AGFA LENTICULAR BIPACK. (Not obtainable.) 


By a very ingenious application of the fenticular film principle 
Apla showed that it is possible to obtain three-colour negative separa- 
tions from a single exposed frame of a bipack (E.P. 395,124). The 
front film of the bipack was « normal lenticular embossed base coated 
with an orthochromatic emulsion (@.g., sensitive to green and blue 
light). The back film was similar to that of an ordinary bipack, namely, 
coated with 2 high-speed panchromatic emulsion. The emulsion on 
the front film was coated with a red filter to exclude all green and blue 
light from the back film, We had here a perfectly normal bipack 
of the standard Agfa type as far as emulsion coatings were concerned, 
but with the difference that the front film was a lenticular base. The 
front film was caused to ber two records by means of placing a banded 
filter on the lens in the usual position, that is, just in front of the lens. 
(For a description of the optical principles of lenticular film sce 
* Lenticular Processes.”), ‘The banded filter in this case consisted of 
two colours, one yellow and one magenta, divided into three sections, 
magenta in the middle and a band of yellow on either side. 
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‘We know that a yellow filter transmits red and green and absorbs 
‘blue, and that a magenta filter transmits red and blue and absorbs green. 

“Thus red was transmitted by both filters, and besides red the yellow 
transmitted green sind the magenta blue. 

Therefore the front film, according to the optical principles of the 
lenticular process, and by virtue of its sensitivity to green and blue, 
bore a record of alternate juxtaposed stripes, or bands, representing 
in densities varying proportions of green and blue light and hence 
two of the primary records; whereas the back film bore a continuous 
image representing the record of red light. 

‘After exposure the films were developed and reversed to positives, 
or developed as normal negatives if desired. 

In order to print from either the green or blue record separately, 
it was necessary to print with coloured light, using a banded filter 
relatively in the same position as when the picture was exposed. 
‘The printing had to be done on a panchromatic emulsion. A banded 
filter was carefully mounted in a position exactly corresponding to 
that which: it occupied in the camera, a normal step-by-step contact 
printing machine being used (preferably equipped with pilot pins 
for registration). For illuminatior special single-filament lamp was. 
employed, somewhat like a “strip” lamp, the filament being at 
right angles to the filter bands. The filament was therefore horizontal 
and formed a brilliant strip of light immediately behind the filters, 
By temporarily blocking out one or other band of the filter one could. 
extract a direct negative record of one of the two banded images on. 
the front film. The other part of the filter was then blocked out in its 
turn and the second record extracted. 

Such a fenticular bipack was well suited for printing upon Gaspar- 
color three-colour positive film, For this purpose both original films 
were first reversed. By using blue filters for the two outer sections of the 
banded printing filter and a red filter for the middle band it was possible 
{o print the magenta and yellow layers of the Gasparcotor film simul- 
laneously. The yellow bands on the camera filter were responsible for 
the green records on the lenticular film. Replacing yellow by blue, one 
printed the magenta layer, which was sensitive to blue light only. Similarly 
the magenta filter was responsible for the blue record on the front film. 
Replacing this by red when printing, one printed the yellow layer of the 
Gasparcolor film which was sensitive to red light. Thus these two layers 
could be simultaneously printed each from its appropriate part of the 
double fenticutar image. The back film with its continuous red record 
‘was afterwards used to print the other side of the Gasparcolor material 
which was coated with cyan dyed emulsion, 

‘The dimensions recommended for the filter bands were different 
for various camera objectives. The following was an example: 
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For printing from negatives taken with the above lens: 


eight of bands 
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Lenticular bipack is capable of providing accurate three-colour 
separation, but prints derived from such records exhibit poor resolving 
power and do not stand comparison with the best of contemporary 


Processes, 





380 






PART TWO 


{niipalalitenet ri beadonliey the ability 10 Investigate aystern> 
sutaty i wy al i cor una Scrat ilo 
“Marcus Aunenius 





CHAPTER 7 
Background or Process Projection 





Picture Engineers in 1939 put forward a report embodying 

detailed recommendations for process projection equipment, 
For this information the technical reader is referred to the original 
report (1), Here only those aspects of process projection will be con- 
sidered which arise in the technique of colour films. 

Process projection, called in Britain " background projection, 
a somewhat more precise description, assumed great importance 
‘economically in ratio to the continuous rise in the cost of film production, 
But whereas weather conditions are reasonably reliable in California, 
they are notoriously unreliable in Europe, and particularly so in 
Britain; and since process projection, us a technique, was evolved 
for the purpose of dispensing with the necessity of location photo- 
graphy, one would have expected the teckinology to have reached an 
even more advanced stage in Britain than in Hollywood. This docs 
‘not seem to have been the case, however, and it must be acknowledged. 
that the optical projection apparatus developed in America is fur 
superior in every way to that with which most British studios have 
hitherto been equipped, ‘This need not have been so had not the pro- 
motors of studios been more interested in the “* rackets" they were 
working than in the equipment they made available to the sincere 
technicians they employed. Tt nced not have been the cuse, because it 
would have been a simple matter for any competent studio owner at any 
time in the last ten years to have formed a committer of British manutfac~ 
turers who, between them, could haye devised apparatus in every way 
equal to the American machines. But the interest of those who were in 
the position 10 spend money on equipment did not lie in the welfare of 
the industry, even as a means for increasing their profits; they were 
concerned alone in persuading the British public to subscribe as quickly 
as possible the maximum sum and then retiring from the business with 
4 title and a fortune collected between two picture booms. 

Tt was soon found in America that the enormous cost of making 
location shots in Technicolor could be avoided only by the maximum 
Possible use of process projection. And the most effective mother of 
technical invention is necessity in the form of dollars. 

‘Compound triple-head projection was the answer to the problem, 
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and such @ multiple process projector was first constructed by those 
hardy pioneers Warner Brothers, who received the Academy Award 
in 1938 ** for pioneering the development and for the first practical 
application to motion pictures of a triple-head background projector 
Byron Haskin, of Warner Brothers’ Studios, describes how this con- 
ception originated in the special needs of the Technicolor picture 
“ Gold is Where You Find It,"" in which occurred a sequence of the 
flooding of 2 valley, which could only be shot by a combination of 
Process projection and miniature backgrounds. At that time colour 
Process shots were limited toa 9ft. 12 ft. screen, and the foreground 
Settings, consisting of flumes, hydraulic guns, and numerous shacks, 
were too large in scale to be combined with such a small screen. 
The job was impossible with a single projector. Since it was known 
that the maximum light delivery of which the single projector was 
capable had been reached, "* the thought occurred that, provided 
Additional projections could be superimposed over the one to compose 
& single image, the brilliancy of the picture should be compound 
respectively and, by ratio, expand to the size required. After dis- 
cussion relative to the amount of light needed we determined to attempt 
to superimpose three projectors (sic) because, in theory, this com- 
Pounding of light would be enough." Many difficulties had to be 
surmounted, The parallax which would have resulted from the tocing- 
in of three projectors mounted side by side was avoided by mounting 
(wo projectors on each side at right angles to a central one and using 
in. prisms to reflect the side beams at such an angle as to register 
perfectly upon the screen (viz., slightly more than 45"), Subsequently, 
fused quartz optically polished flats with aluminized first surface 
‘Were substituted for the prisms. 

In the Warner process projector the optical part of the projection 
‘System is rigidly fixed to a metal base forming an optical bench assembly; 
and for the purpose of focusing, the lamp housings and projection 
‘movements are bodily moved back and forth on dovetailed ways. 
Sets of mounts are dowelled to accept matched sets of lenses which are 
“always the same focal distance from the screen, eliminating 
necessity for superimposition when changing the size of the picture. 
The“ gun-mount "* base swings laterally around an axis equidistant 
from the three lenses and rotates vertically about the axis of the two 
“outboard "* lenses, thus never altering the focal distance of any of 
the lenses from the screen during the positioning of the picture (2). 

Farciot Edouart of Paramount describes a similar instrument (3). 
Paramount at first made the very interesting experiment of using the 
Projector for three-colour additive projection, employing the sippro- 
priate black-and-white plates or films projected through the standard 
tticolour filters. The loss of light was, however, excessive, as will be 
‘obvious if we consider the very low efficiency of the blue filter to which 
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Fro. 203 —Paramiount Triple-head Projector. (Courtesy of Paramount Pictures, Ine.) 
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the other two would have had to be balanced. Probably there was 
nothing gained as compared with projection by the single instrument 
using a complete subtractive transparency. This method was quickly 
abandoned in favour of three identical Technicolor prints projected in 
superimposition and perfectly registered on the screen, 

‘The Paramount unit, like the Warner one, consists essentially of 
Uhree standard transparency projection units, each with its own 
Jamp-house, film movement, and optical system mounted on a common 
base, and the whole erected in a sound-proof booth which may be on 
eastors, or else, in turn, firmly mounted ona concrete base (Fig. 303). 

The central projector is placed parallel to the axis of projection, 
The other two are mounted at right angles to the axis of projection, 
facing inward towards that axis. The two beams from the side pro- 
Jectors are reflected by first surface aluminized mirrors at an angle 
of slightly more than 45°. The three film movements are driven in 
synchronism with the camera by electrically interlocked synchronized 
motors, There is provided remote focusing control from the camera 
Position, The central image is at first focused and lined up; after 
Wards the side images are matched to it in registration and focus. 
This does not seem to have been as convenient an arrangement as on the 
‘Warner instrument, and it is probable that it hus since been modified. 
It is said that the two side images took from three to seven minutes 
to register to the central one, 

Farciot Edouart reported that the increase in screen luminance 
was no less than 280 per cont. more than was possible with the single 
projector. 

Itis evident that for the purposes of colour photography the follows 
ing conditions must be met: 


A. There must be the minimum fluctuation of tuminance and 
distribution of energy in the light-source. 

B. The cofour-temperature of the source must be a match to that 
of the illumination of the foreground, 

C. There must be accurate control of the total of the light emitted, 
in order to be able to adjust the ratio of the photometric 
value of the foreground to that of the background, This is 
at the discretion of the camera operator. 


Requirement A has been met by choosing types and sizes of carbon 
for the superlatively high-intensity arcs used, as recommended by the 
manufacturers to give maximum efficiency, and controlling burning 
conditions 30 as (0 provide minimum Mutter. ‘The screen luminance 
variation should be less than + 2 per cent, per minute, but with a 
maximum of $ per cent. for any consecutive nine-minule shooting 
Period. It is laid down that the minimum output of an FI/6 relay type. 
‘condenser system should be 25,000 lumens. 
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Requirement B has been met by providing that the carbons be 
‘burned at within 4. 5 amperes of their rate current. 

Requirement C has been met by the use of heat-resisting diaphragm 
light control which is placed at a suitable point in the relay condenser 
system. With such a diaphragm the light output is easily controlled 
while retaining even distribution. 

It is recommended that a separate power supply be provided for 
the light-sources, inasmuch asa constant line voltage to the arcs is 
imperative in order to meet the conditions above described. 
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CHAPTER 8 
Colour Film Sound Tracks 





nicolor laboratories because it had always been their practice to 

include a key silver print on top of which the dyes were imbibed 
ven in the days of two-colour Technicolor. Today Technicolor use the 
silver print generally for the frame-surround and do not include a key 
silver print in the image area. From the earliest days of sound the Techni- 
color track was normal. Indeed, some claims were made as to an inherent 
Superiority owing to the opportunity to develop the key positive bearing 
the track to ideal gamma without making any sacrifice (0 picture 
‘quality, the making of which was completely independent of the positive 
development stage. This may have been particularly true of variable 
density track. 

Two-colour processes other than the earlier Technicolor, such as 
Cinecolor and Multicolor, employed, however, double-coated film 
stock the respective sides of which were toned generally by inorganic 
agents {o red-orange and green-blue. The final image was therefore 
coloured, although often of considerable opacity. The troubles which 
Were experienced were first described by R. M. Otis of Multicolor 
in 1931 [1]. He remarks: * The sound track is printed i blue. In 
variable density recording the blue track differs from the black-and- 
white track in the increased contrast of the blue over the black track 
before toning. The blue track is developed to a gamma of 0-5. The 
essential property of a good sound track is that there should exist a 
linear relation between the transmission of the positive as viewed 
by a photoelectric cell and the exposure of the negative, Fig. 304 
shows this relation for the Multicolor blue track as seen by the cesium 
and potassium photoelectric cells.”” Otis observed that modulation 
of a blue track was best rendered by photocell sensitive mainly to 
red, such as the cxsium cell, since to this cell the blue track would 
be as opaque as black, The infra-red transmittance of ferric ferti- 
cyanide blue-toned silver would not be excessive, since this eompounid 
has low infra-red transmittance. 

The dilemma was faced at about the same time prior to the war in 
England by Dr. Bela Guspar, because in his process for the first time the 
final imege was a pure dye image, and since his positive film was coated 
‘on both sides he could have had a dye image track in blue on white or 
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red on white, The red track was fairly satisfuctory with potassium oxide 
photocells, but useless with cxesium photocells. Similarly, the blue 
track was useless with caesium cells owing to excessive transmittance 
of deep red, It was therefore essential (0 use a silver track with 
two-layer background of red (yellow minus magenta). As this was a 
reversal bleach-out process, it follows that a silver and white track was 
impossible, as the developed silver was necessary to destroy the dye 
in the layers. ‘The procedure adopted was as follows: 

1a aR wo ons jlo eal (Ss as 
color: 

2. The opposite cyan side was fogged on the track area. 









<—Cuesium Call 









op 2 * 8D 
Negative Expoeure. 
Fro, 304, 


. Fixed, Silver was here eliminated in the unmodulated area, 

, Dye-destroyed in area where developed silver was present, 

. The developed silver track, in common with the picture area, was 
converted to silver chloride in preparation for elimination of 
all silver in the picture arc, 

6, The sound track was locally redeveloped before reducing the 

silver chloride in the picture area. 

7. Fixed and washed. 

The outcome of this procedure is an opaque silver image on w red 
unmodulated background. ‘This track met the conditions imposed 
by the region of sensitivity of cxsium oxide photocells because the 
transmittance of the red background was nearly as efficient as clear 
film for the radiation ta which the cell was sensitive, The apparatus 
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for redeveloping the silver chloride sound track consisted of @ coating 
wheel about 1} inches in diameter, its coating edge being concave 
With reference to the film, This concave edge dipped into a small coating 
trough filled with a viscous solution of developer and a meniscus 
was formed with the film surface. The boundary of the redeveloped 
track was unexpectedly straight and little or no trouble was experienced 
with development running into the picture area, However, in a Inbora- 
Lory this is a delicate and rather messy operation which necessitates 
skilled and continuous attention. 
‘The Gasparcolor sound track redeveloper formula was as follows: 


Sodan supe ads) °> 1. SS an 
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Fodoqunone : 30 

Feces hoc ed 


20 si, 
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The boundary of the area of action of this edge development has 
{o be confined to a zone only 0015 in. wide between the track and 
the picture, and the action of the fluid must be absolutely uniform 
across the zone of application with no variation in the vicinity of the 
sprocket holes; and agitation as a means of securing uniformity is 
obviously excluded [5]. 

When Agfacolor 35-mm, Negative-Positive was released for feature 
pictures rather prematurely in 1941 by order of Goebbels and his hench- 
‘men it was decided to use a silver sound track, and the only way of 
doing this was to restrict the silver bleach (ptior to elimination of 
silver from the film) to the picture area, and the method adopted was 
to coat by means of a roller the picture area only with a bleach suffi 
ciently viscous to prevent its overlapping the sound track. This was 
exactly the opposite to the Gasparcolor teckinique, because the process 
of colour formation was aso the opposite. The formula for this viscous 
bleach was: 


Oxymethy! cellulose. Trade name Color- 


ol) also lnown.as""Tylowe™ =. 40 gm, 
tum ferricyanide) = 
‘Water 1,000 Ge. 


Monopack films being, as a rile, coated on one side of the film base 
only, it is obvious that it is easy to print the sound track as a pure dye 
image if the whole surface of the film is permitted to pass through 
all stages of the processing. The transmittance of the Aghicolor 
“ blick,"" which is constituted by full density of colour formation 
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in.all three layers, is visually w dark bluish grey. In good samples it is 
surprisingly neutral. As will later be remarked, some advantages 
are to be obtained by printing a wo-layer track in which the modulation. 
is confined 0 an image given by the yellow and magenta layers only. 

In Germany it was soon realized that the existing photosurface 
of casium-silver-oxygen in the standard photocells would be very 








ig. 305,—Density of Agfacolor sound track as. function of wavelength UR. Gorisch, 
‘and P, Gbrlich) 
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10) 306,—‘Tranamission of Agfacolor sound track sind fog ay 4 function of wave 
Tengih (R. Gorisch and F: Gorlich). 





Very region in which the dyes formed in monopack processes have 
high transmittance; there is therefore a narrow modulation range, 
Gorisch snd Gorlich (2] point out that, If we multiply for each 
‘wavelength the three fuctors influencing the magnitude of the photo- 
electric current, that is, film transmission, sensitivity of the cell, and 
sound lamp radiation, as is done in Fig. 305, we obtain the spectral 
distribution of the product of these cells as shown by the curves of 
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Fig. 306, represented by the designation exsium oxide cell. The two 
cases of maximum and minimum density are shown. The area lying 
between such # curve and the abscissa corresponds to the total current 
flowing through the photoelectric cell, The area, between the ayerage 








Fro. 307.—Relationship beryeen photocell current and wavelength for Agfucolor 

sound track and 2 photocell of afferent type. ‘The spectral sensitivity cutves of 

‘the 2 photocells ws reduced (o equal eneruy input und tho spectral characteristics Of 
he exciter himp are alsa shown (Rk Garisch and P. Gdrtich). 
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i, 204,—Relatve spectral respome of oral ode and CS, photoeetrs cell 
ein: Gonach ond P, Goren 


of the two curves and the abscissa represents, therefore, the average 
photocell current, the area between the two curves the photocell 
modulation, For the cesium oxide cell we cannot expect good 
results on account of the poor relation between the two areas” (Fig. 
307). 

The answer to this problem was found in the characteristics of the 
ciesium-antimony alloy cathode (Fig. 308), 
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In the United States in 1944, Dr. A, M. Glover of R.C.A. was 
approached by J. A. Ball of Du Pont, who was chairman of the S.P.M.E. 
Color Committee, to learn whether a phototube could be provided 
having the same spectral characteristics as the R.C.A. 929, but with 
high sensitivity, so that it could be substituted for the 868 cesium 
phototubes in existing reproducing systems without the necessity 
of providing additional amplifier gain. The 929 phototube has its 
maximum. sensitivity in the visible spectrum and has no response 
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3. 309.—Phototube characteristicy of SI sutfuce used in RCA Type #68 and S4 
face used in RCA Type 929 and WP 37 (RO. Drew and S.W. Johnson), 
(Courtesy of REA USA) 








to infra-red light. Independently, the problem was presented to Dr. 
Glover by M. H. Sweet of Ansco, A now tube with similar cathode 
surface to 929 and with identicat spectral characteristic, but with gas 
multiplication of the electron current, has been developed. This is 
designated tube 1P37. The photosurface of the old tube is designated 
1 and that of the new tube S4 (Fig. 309), 

‘The new R.C.A. 1P37 phototube fulfils the requirements of dye-image 
sound track, Its maximum sensitivity is in the. short wavelength 
part of the visible spectrum between 4,000 and 4,500 A. With a tungsten 
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filament source, the product of the spectral response curve of the tube 
and a light-source operating at 2,879°K. has a maximum response at 
4,700 A. Owing to its predominantly blue sensitivity, itis somewhat 
more sensitive to variation in the temperature of the source than the 
old photosurface (3). 

‘Tests were carried out by R. O. Drew and S. W. Johnson (4) of 
R.C.A, on Ansco duplicating positive (Fig. 310) (see Ansco section, page 
394), Four laboratory tests were made; these were—volume: level, 
hhigh frequency response, cross modulation, and noise measurement, 
The usual yolume level test is to measure the output of a 1,000-cycle 
tone with full track modulation. Fig. 311 shows the output from dye 
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io, 310.—Dye characteristics of Ansco Type 132 duplicating cotor ftm (R.O, Drew 
and S. W. Jobson), 


tracks made in several ways, The 1,000-cycle output from a silver 
track is taken as the reference or zero-db. level, Noise determinations 
consist in measuring the random noise output from an unmodulated 
biased track and comparing the reading with the 1,000-cyele full 
modulation output. The unmodulated biascd track consists of two 
clear strips 0-003 in. wide with the remainder of the seanned area 
opaque, Film noise is caused by any photographic irregularities or 
graininess which may be present, and by scratches and specks of dirt. 
Such dirt specks as appear over the narrow clear areas produce fairly 
loud noises. Dirt in other areas causes noise in proportion to the light 
transmitted, s0 that ow densities mean noisy films, The ratio of signal 
10 noise, or relative noise level, is not greatly affected by some light 
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absorption in the clear areas, since this reduces intensities of both 
signal and noise. Low densities in the dark areas, on the other hand, 
raise the absolute magnitude of the noise and at the same time reduce 
that of the signal, and are therefore doubly injurious. 
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Fro, 311.—Relative output of colour wks (RO; Drew and 8. W. Johnson frm 
Journ. SMP.E;, May 1946) 


Drew and Johnson note that the high-frequency loss and the cross- 
modulation are the result of diffusion of light within the emulsion 
Which causes the exposure to spread outside the boundaries of the 
‘area where exposure is desired. This is especially so in the lower layers 
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of the emulsion (Fig. 312). Exposure by ultra-violet light helps to keep 
the image at the surface in recording and printing the usual silver 
fracks; and as is well known in high-contrast negatives and positive 
prints exposed to give high densities, the spread of exposure results 
in outward shifting of the boundaries, or ** image spread." Image 
spread in a negative is cancelled by image spread in.a print, and negative 
and positive densities are chosen with this object. For this balance the 
erosi-modulation recording is a delicate test, and conditions that give 
minimum cross-modulation provide the best sounding prints. Sa 
factory cross-modulation is 30 db, below signal. 

Since the present motion picture Ansco stock is of the reversal 
type, the effect of diffusion of light in the emulsion is to eat into the 
area which should be opaque and cause image contraction instead of 
image spread. To neutralize this the black area of the master has to 

















Diffusion of Light in Print 
Fra, 312, 


be over-size, thus protecting a slightly larger area than that which is 
to be cleared of dye, Cross-modulation plots reveal similar V curves 
to normal negative-positive prints, but the distortions on opposite 
sides of the minimum point are of opposite sign. Thus, if the abscissie 
are master (or negative) density, the branch of the cturve to the right of 
minimum means undersize opaque image in the case of reversal prints, 

Reversal printing involves the further problem of keeping the trans- 
parent areas clear, and this calls for complete exposure of the emul- 
sions. On the other hand, since all the density obtainable is wanted 
in the dark areas, this part of the track must be almost completely 
protected from exposure. 

Drew and Johnson say that the ideal printing master is a direct re- 
corded positive [4). 

As in silver prints best high-frequency response and density toler- 
tinces for good cross-modulation cancellation had been obtained 
by confining the exposure as near the surface as possible, endeavours 
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‘were made to accomplish a similar result by clearing the bottom layer 
by a fogging exposure to red light, leaving a two-layer (yellow-magenta) 
modulation (Fig. 313). The improvement is not marked, ‘The diffusion 
of light under the edges of the black area extends farthest in the bottom 
Jayer, thus shading off the edges of the image; but since this takes place 
principally in the eyan-dyed Inyer, and the cyan dye transmits the green 
and blue light to which the 1P37 tube is most sensitive, the presence 
or absence of some of the cyan dye makes comparatively little difference 
in the phototube current. Such difference as it does make results 
from the fact that the cyan dye is not 100 per cent. transparent in this 
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Single-layer tracks (yellow), consisting of the top layer only, were 
‘no good because the tube is sensitive to green. 

White light prints give a track which is somewhat blue in trans- 
mittance, and tests were made with a yellow filter in the printing light, 
Three thicknesses of Ansco No, 25 filter were used for printing three- 
layer tracks and one thickness for two-layer (Fig. 314), 

Satisfactory cross-modulation cancellation for two-layer tracks 
printed from either a direct positive or a printed master was obtained. 
The 6,000-cycle output is only 3:5 db, below the 1,000-cycle output. 
Filtered printing light gives cancellation at lower densities than does 
white light and slightly increased density tolerance for 30-db. cancella- 
tion. Also, direct-positive masters recorded on the fine-grain, low-spread 
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EX. 1372 give slightly more 6,000-cycle output, and greater density 
tolerance for 30-db. cancellation than is given by masters recorded on 
the somewhat coarser-grained E.K. 1357, The three-layer tracks give 
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io. 314. Spectroptotometric transmission cures for Ansco yellow seres filters 
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ubout 1'5 db. less 6,000-cycle response than the two-layer tracks, Both. 


give about the same 1,000-cycle response. which is 4 db. below that of 
‘silver track, 


Fig. 313 shows the comparison of a three-layer track used with the 
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reil-sensitive 868 tube and with the blue-sensitive 1P37. Using the 
three-layer track, the 868 tube is still at a disadvantage, riot only in 
the transparency of the dyes to ths infra-red light, which produces 
most of the phototube current of the 868 tube, but also in the arrange- 
ment of the layers, which puts the cyan dye layer at the bottom, or 
farthest from the surface where the printing light is applied, and hence 
where it gets the poorest printing conditions. 

Itis therefore assumed that good high-frequency response and low 
distortion are obtainable with dye tracks used. with the 1P37 photo- 
tubes, with levels slightly below those from silver tracks, and_ with 
practically the same signal-to-noise ratios. Two-layer tracks have a 
somewhat superior performanice as compared with three-layer tracks. 
Good tracks ean be made from either direct positives or printed masters, 
provided a good negative is available for making the master. Masters 
should have higher density and more image spread for printing colour 
tracks than for making standard silver tracks, and the control for 
‘minimum distortion follows the usual eross-modulation test practice. 

The above material is derived from the paper by R. O. Drew and. 
S. W, Johnson (4), and the writer acknowledges his indebtedness to 
the R.C.A. Victor Division, the Radio Corporation of America. 
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CHAPTER 9 


Toning 





Definition 


‘The conversion of the metallic silver constituting the photographic 
image to u compound capable of selective absorption of light and there- 
fore more or less strongly coloured. Alternatively the substitution of 
metallic silver by a coloured compound. 


1, Metallic Toning z 

(@) The metallic silver may be converted, for example, to silver sul- 
phide, as in sepia toning. 

(t) The metallic silver may be substituted by a compound such as 
ferrocyanide. Ferric and uranium toning have been most 
frequently employed, the former giving an excellent cyan 
(ferriferrocyanide) and the latter yielding a reddish orange 
(uranium ferrocyanide), Murexide gives an unstable magenta, 


2. Dye Toning 

(@ Silver iodide or uranium ferrocyanide are both strong mordan\s 

for basic dyes, and theconversion of metallic silver to these salts 

isa simple procedure,” Chromium has also been used. Copper 
ferrocyanicle was patented by Traube in 1916. 


3, Colour Development 

(a) Colour development, the oxidation products of which are in- 
soluble dyes which are precipitated together with the silver 
developed image. Examples are leuca indigo and leuco 
thio indigo. 

(6) Colour coupling by development in which the oxidation products 
couple with compound either present in the developer or 
dispersed in the emulsion to form an insoluble dye, Such dyes 
are generally of the indophenol or indamine class. 


Differential Hardening of Gelatine 
(@) A silver image ean be hardened by the action of & bleach and 
thereby provide a coloured image by the selective action of 
dyes for hardened or unhardened gelatine. Other methods 
* Ses EP. 547,722 for a new procedure for dye toning (A. G. Tull) 
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effect the converse, namely, soften the gelatine in the neigh= 
bourhood of the silver image. 

(0) Bichromated colloids, such as gelatine, can also be employed, 
differential hardening being produced by the action of light. 
The difficulty with this method is the requirement for long 
exposure to ultra-violet light. 


TONING FORMULA 
MErALLIC TONING voR Two-CoLouR Postrive Fist (EMULSION-COATED 
(ON ROTH SIDES OF FILM BASE) 
By Courtesy of Dufty-Chromex Limited, London. England. 

















Step Denription. | afte, 
+ 
1 Wash and surface wipe 4 
2 | Blue Tenine (one sido) EN 
3 | Wan ht # 
4 | Getting wai, > H 
5 | Gramm Toning (ed-Cvranve) © 5 
& | Wan? ; 5 
9 | Fixation me 
| Wann ‘ 
5 | Ammonia : H 
10 | Wash ; 1 
‘tout | 360 
Blue Toner 
ne Solution A. o 
amonium persulphte : 
fericalum Chae 
Water” 2 ion 
Sohuton B, 

Qxatic nad i 130 
Water sh eh SS Rites 
Solution ©: 

Potisium ferricyanide 100 gn 
Matern ives 
Solution 
Ammonium alum 200 gm. 
Water: Sees 2 lites 
Applied to one side of the film by flotation method. For use: Take 
« oe 1 pat 
Sa he 
€ i pen 
5 2 24 parte 
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Dilute with equal quantity of water. Add hydrochloric acid, 10 cc. 
Per 500 c.c. of toner. Time of application, approximately 24 minutes. 


Clearing Bath (Preliminary to application of uranium toner tw increase 
transparency) 





Hydrochloric acid Bee 
Potassium oxalate ; iz 
Water a. x 1 fitre 


“Time: 1 minute. 


Important: The film is rorally immersed from this stage onward, 


Uranium ‘Toner 
Potassium oxalate 12 am. 
Uranium arate tos", 
Hiroto ac (cone) Lars 
Water a a Witre" 

“Time: $ minus. 

Fixation 
Sodium thiosulphate / 200 gm, 
Water oso eS ite 

Ammonia Rinse 
‘Ammonia (1880) PE geil i, 
Waters. : Site 


The function of this alkaline rinse is to modify the ferric blue to a 


line which is closer to the complementary of the uranium red-orange, 
thus providing better greys. 


‘Remarks 


The above formule will give images of remarkable transparency, 
The surface application of the blue toner can be done in a number of 
‘ays, one successful method being to draw the film forward horizontally 
While in contact with a number of {° diameter glass rods, the level of the 
solution being kept roughly 4 mm. below the surfuce of the rods. A 
meniscus is formed by capillary attraction between the rods and no 
solution creeps through the perforations. The sound track is generally 
Printed on the blue side. ‘The ferriferrocyanide image giving satisfactory 
Teproduction with cesium-silver-oxygen photocells (red sensitive), 
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‘Yeutow Dye Toninc (Cornwett-Ceyne) 
(TRANSPARENT) 


Material 
Positive (say Eastman Fine Grain Type 1302), 








g 
? 
= 
i 
i 





ay 
FH 
a 





ae 


SHoSemsewsun— 


r 
1 
1 
i 


Wi a 
Final clearing 2 mins, 
Rime 





FORMULA: 


Normal positive formula such as D76, 


Fixation 
Sodium thiosulphate 20%, 


Hardener 
Chrome alum, 5%. 


Bleach, 
Potassium ferricyanide 4. 105m. 
Potassium iodide eee 10a 
Poussium thiocyanate 20 
Water Wire 





Bleaching should be continued until the silver image hus entirely 
disappeared, leaving an extremely faint and perfectly transparent image, 
‘The wash which follows removes a slight yellow stain. The final 
‘appearance is faintly pinkish grey-brown. The image should be perfectly, 
transparent against a dark background, 
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Dyeing 
Aunmine 0 .. . 
Alcohol (industrial) 
Water “ 


Mordant 


Potassium iodide 5, rs 
Potassium ferricyanide F 
Chromic ac 

Potassium dichromate evn 
Water . 1 bitte 





‘The mordanting should be continued until w black negative image is 
obtained, 


Clearing Bath 

Potassium metabisulphite, $%, 

The yellow image is now visible in its final form, but the whites are 
fully dyed with the auramine, 


Final Clearing Bath 
Hodrochloric aid at Mec 
fater . 2 ioe 


‘This bath is used if itis found that the whites are still stained after the 
wash which follows the first clearing bath. 

On completion of all stages, ifthe image is still opaque in the shadows, 
8 further increase in transparency may be obtained by re-immersion 
the first bleach, 





YatLow CoLour DrveLorment oF Buut-toNeD IMAGE 


Processing Procedure 





2 
$ 


Description. Time. 





Blue Toning : 

\yuul Soiese tues re 
Gelour Developmen 

‘Sodium Carkonate Treatment 
Wash i 





Bleach 
WH ka ys 
Fixation [| 
Wash 
Rinse (Distitied Water) 











TONING 


FORMULA: 
Blue Toner 
Sce above, 
Colour Developer (Yellow) 
Solution A 


Diethyl p-phenylencdiamine hydrochloride 





Sodium slghite (ay) : 
Sodium carbonate ayat) 3 
Var ; : 
Solution B, 
Rgoptetirnie oes. e6em, 
fi ; ee 
Mehytaiohol 03 Hes 
Add BWA. 
Sodium Carbonate ‘Treatment 
Sodium carbonste .... = 50m 
Water f : 1 tre 
Bleaching Bath 
Potasium ferricyanide : Wom. 
Potastu bromide z ie 
Norges ot tite 
Fixing Bath 
Solum shiowupbate as 
ia cor a a 


Nort.—If lime salts deposit, add 016 gm, Calgon to No. 7A and 
0-5 gm. Calgon to No. 9. 


Printing-out Magenta (Martinez) 
poate sealed 


seal 
Sf 


peaaaSee! 








thes 


‘The ingredients are added or dissolved in the order named with the aid 
of heat, Suitable fixing agents ure, for example, mercuric chloride, 
stannic chloride, silver nitrate, stannous chloride, ete. This formula 
gives an excellent magenta, but itis decidedly fugitive to light. 
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Covour Devetorsenr To MAGENTA 
(OF COMPLETED BLACK-AND-WHITE SILVER 
PRINTS, NAMELY, NORMAL RELEASE POSITIVES 

















Material 
Normal positive fine-grain or otherwise. 
Processing Procedure 
som | Description. Time, 
1 | Bleach 5 
§ | Slot analonmeet 
4 | Finatiescn 
3) Wak es 
& | Fixation 
| Wan?! 
Bleaching Bath 
Potasstum ferricyanide 1S sm. 
Sodium chloride tory 
Water 4 tiie 
Colour Developer (Magenta) 
Soltion A. 
Diet Wdrochloride 4.2, 
Sodium sale ose emer 
Sedum carbomate ry) eal 
Water ae 
Solution B. 
Nitro-phenylaceonitle 1 
Eby vised a omit 
Metiyisiohoi 2 fs BEE 
Aad A 10 8. 


An alternative (0 phenylacetonitrile is p-nitro phenylmethylpyra- 
zolone. 


Final Bleach 

foeeee Gc Ea 
Fixing Bath 

fens ee re 
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TONERS 
FORMULA 
Minus-Biue Metallic Toner (Transparent) 
Vana oxalate solution See. 
Oxalic acid, saturated solution | 0 
Giyeerin ; 5 
Witerto make 2 Tiire 


For use, add 1 part of 5% potassium ferricyanide to 100 parts of the 
above solution, and bathe the silverimage until itis toned, Fix and wash 
thoroughly, 

*Nore,—To prepare vanadium oxalate solution: 

Ammonium metavanadate or vanadium pentoxide 1-5 gm. 
Oulledd ss se ee ere SON 
‘Water to make ‘0c, 


Heat and stir until a clear blue solution is obtained. The vanadate 
and vanadium pentoxide are poisonous, 


Minus-Green Metallic ‘Toner (1) 








Nickelous nitrate $0 em. 
Potassium citrate . 190, 
Nitric acid (10 acidify) 

Dimethylglyoxime (saturated solution in mothy! 

Pc Rea "Sin 
Watertomake =< te sda) tae 


Bleach the silver image in a mixture of S parts water, $ parts 1, and 
1 part 5% solution of potassium ferricyanide, Wash for at least 10 
min., immerse in If until toned, fix in an acid fixing bath, and wash 
thoroughly, 


‘Minus-Green Metallic Toner (2) (Creutz-Smith) 


Sodium dimethylglyaxime ran 10 gm, 
Niel potmaumonnge SS. ci 
Waterto make as Vite 
Bleacher 
Potassiunt ferricyanide 30 gm, 
Sodium carbonate = Wow 
Ammonium nitrate : ees tot 
Sodium chloride i hs Wie 





fater t make me 
Bleach the silver image in above formula, wash for at least 10 min. 
Immerse in toner until toned, fix in acid fixing bath and wash 

thoroughly. 
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Minus-Red Metallic Toner 





Potussium ferricanide =... 3.5m, 
Sodimentonte' ss 22 ion 
Ammoniumairate |) 3) SS: 10, 
Sodium chloride umes 
Watertomake 1 tite 
M, 

Potassium bromide. oe $6um 
Ferric ummoniuny alarm $6". 
‘Acetic weld, 100%, # 17 ce, 
‘Water to make Tite 


Bleach the silver image in I for at least 10 min., immerse in IT until 
toned, fix in an acid fixing bath, and wash thoroughly, 


Coxour Deverorment 
(py¥E-courLina) 


Dye-coupling is likely to be used to an increasing extent as u sub- 
stitute for the older metallic toning in processes based upon the use of 
Eastman Duplitized Positive Type 1509, either for wo-colour subtrac- 
tive prints or as a stage in the production of three-colour prints, The 
latter will require re-coating with emulsion for a third printing or 
bichromated gelatine can be used as in Chimicolor (French). ‘The 
following data is for guidance only and many variations in the formule 
‘can be introduced without midofication of the fundamental principles. 


Developer 
Diethyl pphenylenediamine sulphate in 40 es. of 
rma acho ees 
Sodium sulphate crys : 
Sodium Carbonate (ery) ; 


Potussiam bromide 
Water to make 





‘Colour Coupler Stock Solution 


Magenta p.Nitcophenylactonitile ‘0 
Sactiytacobot fine 
Yellow 2.SDichloracetanlide 20pm. 
Nai achat i fire 
an 24 Diehovos-aapluhol 0pm. 
os ‘Methyl alcohol ee A fitre 
For we take 
Mugenta Colour Developer. , x. 160 cc, 
Develo 


yrment Magenta Couplet Stock 
Solution. 
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Yellow Ditto. Dewloper 160 ce. 
Yellow Coupler Stock Solition i 
Gan Ditto. Devel serie 160 
Gyan Coupler Stock Souiion x 
Bleach 
Potassium ferricyanide ‘ 0 mm, 
Potassium bromide E iene 
Water to make Do Tbh 
Fixing Bath (Alkaline) 
Sodium suiphite. 
30 Sedum thiwliptate) 
tee to make g 
‘Ada formallelyde 
‘Timetable 
se Description, Time 
1 | Colour Development, 65°F 5 ins, 
2 | Wash sr eae 
3 | Bleach °> Es il 
4 | Wan! x en 
3 [Reno 1) watss, 
6 |Wah 3 i 30 


Notes 


Ik may be found that the hue of the cyan is insufficiently greenish to 
give a good neutral grey balance: in this event it is possible to shift the 
hue towards green by addition of the yellow colour coupler in small 
amounts until the desired hus is obtained, 

‘A mixture of the magenti and yellow couplers will give a good 
Wwo-colour red-orange and the eyan may be used unaltered oF plus a 
small quantity of magenta to provide an accurate complementary to the 
red-orange. 

Two-colour prints of fair quality can be obtained in one layer (on 
normal fine-grain release positive stock) by drying the film subsequent 
to the bleaching stage and re-exposing on the remaining silver halide, 
The second exposure will require at least twice the light of the first 
Printing. The first print must be very thoroughly washed after bleaching, 
then dried, and fe-printed in a register pin step-by-step printing machine 
without exposure to white light, ‘The film may be sifely handled in 
orange light. 
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ALTERNATIVE FORMULAE 















Dye-Coupling 
Bleach 
reset nt am 
omens = Leen 
eee eta 
Colour Developer 
om 
‘p-Aminodiethytanitine hydrochloride 3 om, 
ae ae 
‘Water, distilled, to make. “a , A iltre 
Cyan I, 
oHydroxydi | (or m-hydroxydiphenyl) 25 
SN rms) de 
For use, add 1 part B to 10 parts A. The mixture does not keep. 
lee 
Zamino S-diethylaminotoluene hydrochloride .. _140.gm. 
‘Sodium carbonate “ te Wey 
Potassium sulpbocyanate. < Os 
‘Water, distilled, (0 make TV Mitre 
Nee 
eehreeiet oe lene 
Alcohol “ “ a S see 1005, 
For use, add 1-5 parts B to 10 parts A. The mixture does not keep. 
vi sat Ser Pye 6 Tee 
Beblciagieetete es 
Sn carbonate Soe Rye on 
Potassium bromide ” Om 
er 
Alcohol oy rs . 0 ce. 
Acctoaceticester 10 em, 


For use, add 0'5 part B to 10 parts A. The mixture does not keep. 


Reference 


Niciox.aus, J. M., “ Toning Positive Film by Machine Methods,"* Journ. Soe. Mot. 


Pie. Eng,, 29 (Duly 1937), p65. 
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CHAPTER 10 


The Processing of Two-Colour Prints by 
Deep-Tank Methods 


(ONSIDERABLE simpli of the processing equipment re- 
‘quired for the usual metallic or dye-toned two-colour print on 
<duplitized positive has become possible by the use of a protective 

‘coating which is impervious to the treating solutions and which can be 
removed easily without altering the characteristics of the treatment 
‘applied to the unprotected side of the film. This method permits the use 
of total immersion in the solutions at every stage of the process and thus 
‘eliminates the complex devices previously employed to apply a mordant 
to one side only of the duplitized film and similarly to apply in metallic 
toning, say, a solution to convert a silver image to 4 Prussian-blue 
image, 

A modification of the Eastman Universal Protective Film Lacquer, 
originally developed by R. H. Talbot, of Eastman Kodak, has been 
successfully used for this purpose and the technique of application fully 
described by John G. Stott, also of Eastman Kodak, 

A typical (wo-colour process is schematically set out as follows;— 




















step Description. Inage, 
1 | Develop in black-and-white developer .. | Silver on both sides of 
2 | Sopan te intopo et iin 
3 | Wak ane? 
| Treat one side offi iniodlzing mordant |” Dyed silver jodide on 
$ | Clearin bisalphie solution ‘one side of film and 
6 | Wah : Silver on other side 
7 | Byesilveriodide age °° 
& | Wash or backwash in sid 
9 | Immerse in Prussian blue toning solution | Dyed silver iodide on 


‘one side of flim and, 
Prussian-blae on other 
side 





10 | Wash a. swe | SilVer Jodide removed as 





MW | Fixand harden SID | "well as sitver” eros 

12 | Wash ae ee fade in Prussian 

Bf} ode, | Bike image king 
images transparent 
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Step 4 requires special apparatus and many methods have been 
devised by Kelley, Brewster, Capstall and others. The step is always 
difficult and flotational systems involve serious danger of solutions 
getting on to the wrong side of the film, Step 7 can be performed by 
{otal immersion as the dye will act only upon the mordanted silver. 
The film cun also be totally immersed for Step 9 because the roving 
solution has little or no effect upon the dye-mordanted image. 




















New Process 
Sing. Description | nag. 
1 in black-and-whi | Silver on both dies of 
a | Ropanlaein tin 
3 | wanes 
5 | eB rosie ei 6 oni of 
ve coil 16 ane 
7. | lodize in ep tak by ioral immersion .. | Dyed aller jodide on 
3 | Giri biaipute sSuron = ‘one side of fim. ant 
3 | Remove protective costing Protected silver Image 
10 | Wan ‘ Bn opponite nie 
Ht iver ide image 


fas oF backwash in acid 
13 | Immerse in Prussian-blue toning solution | Dyed ailver jodide on one 




















alkaline solution which does not injure the iodized 
image. The lacquer must be’* bead-applied " with a coating thickness 
of 0-0002 in. One gallon will coat 10,000 feet of film (Fig. 316). The 
lacquer must be applied to dry film and“* may be installed in the drying 
cabinet of the black-and-white stage of the process such that several 
drying loops are available after the application of the lacquer to dry the 


Experiments have shown that the lacquer may be bead-applied well 
into the perforation area without danger of leakage of the lacquer 
through the perforations (Fig. 317). 
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Processing solutions should be carefully filtered to avoid pinholes 
arising from minute particles of dirt. 

‘The lacquer is removed by immersion in « 2% solution of sodium 
sarbonate for two minutes followed by a (wo-minute wash. The 
solution should be replenished at a rate adequate to prevent sludge 
accumulating. 

If Prussian-blue toning is carried out first the alkaline solution of 
Jacquer-remover will convert the ferric ferrocyanide to ferric hydroxide, 
which is brownish, ‘This can be reconverted by immersion in a bath of 
acid ferrocyanide, which will add two more steps including a wash to the 
sequence of operations. 

Obviously many alternatives suggest themselves and there is no doubt 
that the laequer resist technique offers interesting scope for the invention 
of new treatments, 








Reference 


Storr, Jouw G,,"* The Processing of Two-Color Prints by Deep-Tank Method 
Jour. Soe. Mol, Pe, Eng., 49, 4 (Oct. 1947), pp. 306-315, 
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CHAPTER 11 
The Stereoscopic Motion Picture in Colour 





metrical problems of stereoscopic projection, which are diffi 
cult to comprehend without actual demonstration and would 
require many pages for adequate treatment. But reference should be made 
to colour photography in relation to stereoscopy because the inclusion of 
colour in a stereoscopic image enormously emphasizes its realistic ellect. 
‘The addition of apparent depth, of course, constitutes a further step to- 
wards the achievement of an absolute illusion of reality. Whereas the 
convention of the monochromatic image is artistically acceptable pro- 
Viding that the depth effect is in equivalently conventional terms, the 
Presence of a complete illusion of three dimensional projection s0 in- 
freases the sensation of reality as to constitute a contradiction which 
defies the laws of artistic unity, Solid human figures in grey become 
ghostly dummies. It follows that the mind expects the image to be 
coloured as soon as itis perceived as a solid in full projection. 

It should be unnecessary to state that genuine stereoscopy is only 
possible by conforming to the fundamental requirement that the right 
and left eye of the observer must respectively perceive geometrically 
different images parallactically displaced by the inter-ocular (or 
‘greater distance may be adopted) distance. The most elegunt solution 
of this problem so far discovered is the projection of pairs of stereo 
images with polarized light. 

If paired projectors are arranged to project stereo pairs of images, 
the respective projection lenses may be equipped with polarizing filters 
With their polarizing planes respectively at 90° to each other. ‘The 
observer requires a pair of viewing polarizers (spectactes or goggles) 
with their right and left eye planes of polarization corresponding with 
those chosen for projection of the right and left eye images (Figs, 318- 

19). 

Normal diffusely reflecting screen surfaces depolarize incident 
polarized light; it is therefore necessary to employ partially specular 
reflection and, for this purpose, aluminium paint or lacquer has been 
found effective, The inevitably narrow angle of reflection obtained with 
this type of screen is a serious disadvantage. Glass bead screens are not 
uite as good but they are reasonably efficient, 

‘The remarkable Technicolor stereoscopic film presented by Chrysler 
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Ws concerned in this treatise with the optical and geo- 





THE STEREOSCOPIC MOTION PICTURE IN COLOUR 


at the New York World's Fait in 1939! is the largest scale public ex- 
hibition of three dimensional motion pictures so far given. The film 
had a projection length of some 15 minutes and consisted of a stop 
motion sequence in which the parts of a Plymouth automobile march, 
dance or sail into their correct position in the chassis in time with the 
musical accompaniment. The scenario was written by J. A. Norling 
of the Loucks and Norling Studios in New York. Norling also did the 





Fic, 3184-—Illustrating the effect of plane polarization, 
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Fio, 318A.—Relative transmission of ight through superposed polarizers, 





whole of the technical control. Part of the film—the part using living 
models—was made with a pair of Technicolor beam-splitter cameras, 
but the mechanical animation was photographed with a pair of cameras 
using single film and successive sets of Red, Green and Blue frames. 
‘The negative film stock was Eastman Kodak, Type 1230. Lighting was 
provided by 3,200° K, Tungsten filament amps without filters. Maxi- 
1,500,000 persons saw this film. The first showing was May 4, 1939. 
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‘mum permissible voltage variation was 2 voltsin 112, Each camera was 
cauipped with a rotating filter disc with angular sectors of R. G, B, 
balanced to give 1:1:1 as the product of light and emulsion sensitivity, 
With Wratten filters, A, B and C5 the sectors were 2-5° Red, 7° Green 
and 18° Blue, 

Consisting of a pair of fitm paths, pull-down mechanisms and matched 
Jenses, the camera was essentially two normal cameras on a single base. 
Their optical systems could be made to converge at any point from 
infinity to a certain minimum distance. ‘The inter-ocular distance could 
be varied and the focusing mounts were interlocked (Fig, 320). 

The aperture plates normally lay in the same plane, but the optical 
ystems could be toed in if desited 10 compensate for the keystoning 
effect from the tocing in on the two projectors. Inter-ocular distance 











io, 319.—Diagram of a double projector installation using “ Polaroid," (Courtesy 


‘Photo-Teehaligue.) 
could be varied from 2-5 to Sin. The former value was used throughout 
the film. 


The convergence point must in general be nearer than any object in 
the scene because it determines the location of the window " through 


ITS feet. 

Both $0 mm, and 3S mm, matched lenses were used and the requited 
depth of field was obtained at an aperture of /6:3. The focal lengths of 
matched lenses used for stereo must not exceed plus or minus 0:1 mim. 
in a focal length of 50 mm. 

In projection two standard projectors were used. To allow the operi= 


THE STEREOSCOPIC MOTION PICTURE IN COLOUR 


All who were privileged to see this film were greatly impressed andl it is 
4 great pity that the successful achievement of genuine stereoscopy is 
unlikely to find general appreciation in commercial entertainment 
‘owing to the insuperable difficulties presented by the necessity of using a 
visual analyser in the form of a pair of spectacles, a goggle, or a plastic 
mask of some description, The trade has no clear idea as to how such 
spectacles could be distributed to an audience, how collected after use, 
and sterilized before reissue, Furthermore, no producer would con- 
template making a stereo version of a film without the certainty of wide 
distribution, So special are the photographie limitations that it is 
unlikely that it would be possible to include a stereoscopic take while 
making anormal record. The existing screens are useless as they would 
depolarize the light, and for rapid changeover four projectors ure 
needed, Finally, for adequate screen reflectance from a semi-specular 
surface only a narrow viewing angle is available, and for correct 
geometrical projection one cannot approach near, or recede further 
from, the screen than within rather restricted limits, otherwise the 
apparent scale of the object undergoes strange transformations either 
appearing of givantic size or of Lilliputian proportions. For these and 
‘other reasons this method is likely to be restricted to the home, or 
to specialized industrial and scientific applications. 

For sub-standard projection it is relatively simple to design simple 
beam-splitting devices, enabling the pair of stereoscopic images to be 
placed side by side by dividing the standard frame vertically, although 
the projection frame wil in this case have its longer dimension vertical, 
which is pictorially unsatisfactory with most subject matter, 

Similarly obvious devices are such us the recording of sub-standard 
Pairs of the normal proportions side by side within the area of the narmal 
35 mm. projection frame, but this involves a projection system identical 
to that required for two-colour additive systems, and necessitates 
considerably greater enlargement of the film image (Fig. 321), 

In the present state of knowledge, itis absurd that inventors und their 
backers continue to announce the suecessful achievement of stereoscopic 
Projection systems requiting no special projection, no visual analysers, 
‘nO special screen and so forth. Such claims can be immediately dis- 
missed as cither fraudulent or arising from the phenomenon that 
apparently large numbers of people are almost entirely deficient in 
stereoscopic perception, amongst which deficients we must include the 
inventor. Most proposals of this kind resolve themselves into effe 
Known as pseudoscopic, as for example, the continuous lateral dis- 
placement of an image, to and fro, which conveys a sense of depth by 
the observation of parallactic movement of objects relative to one 
another. 

Colour photography in any case increases apparent stereoscopy by 
‘use of the illusion of projection resultant from the opposition of warm 
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colours generally to cold colours, namely of reddish to bluish colours, 
The warm colours tend to project and the cold to recede, partly owing 10 
association with the effects of serial perspective and partly owing to the 
chromatic aberration of the eye. 
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CHAPTER 12 
Make-up 





applied to all complexions for colour cinematography. Each 
individual must be considered separately, These are two guiding 
factors for consideration: 
1, The natural colouring of the individual which must form the basis 
on which ta work, 
2. The type of character to be portrayed, 
According to these are determined the amount of make-up and the 
actual tones of make-up used. 


Ts is no standard make-up to be obtained from one jar and 


Instructions on Application of Make-up 
{tis important that the light under which the colour make-up is, 
done is daylight, or « good artificial daylight. Special glasses can be 
obtained on application to Dufay-Chromex for use by the make-up 
artist, which will enable him to see his work exactly as it will appear on 
the screen, 


Applying Cake Make-up 

First clean the face with melting cream, and wipe clean with soft 
tissue. Pat om a tiny bit of skin reffeshener. Then moisten the sponge, 
squeezing out the surplus water. Rub sponge firmly over cake and 
apply to the face, beginning with the forehead. You can either wait for 
it to dry, or pat gently with soft tissue, which will hasten the drying 
process. “Then brush over with a powder brush, and complete your 
make-up as usual. All areas of flesh Visible to the camera must be made 
uup in accordance with the individuill make-up. It is important that this 
should be applied directly and evenly, and then brushed over. Quantity 
of pancake used is as required. 


Applying Lining Colours 


Before applying, the lining colour should be softened with eream, 
reducing the present consistency about 50 per cent, ‘Then apply by 
patting. Do not rub. 
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Powdering 

For colour make-up neutral tints only are used. Powders the same 
tone as the foundation are generally used. ‘The purpose of powdering 
is to help the texture of the skin, Le,, to give @ matt surface, and it has 
nothing to do with the colour of the skin, In some cuses little of no 
Powder is required, fe., for some characters a slightly greasy texture is, 
Preferable, Before applying the powder, be sure that the make-up is 
thoroughly dry, then, with a powder brush, brush briskly to remove all 
surplus make-up. The brushing helps to smooth the entire surface area, 
and also to remove any surplus amount which would ordinarily appeat 
too heavy. Then powder by patting it over the entire area lightly, using 
about one-third of the usual amount that is used in comparison with 


grease paint make-up, After you have powdered, again brush with your 
powder brush—this time lightly. 


Applying Rouge 

Dry rouge is the most satisfactory for females. The dry rouge for the 
cheeks is applied with a powder brush, and is blended so that there will 
be no demarcation on the edges. Grease rouge is better for males, 
This should be stippled on. Use only sufficient colour for street make- 
up. Watch the complexion carefully during shooting, since changes 
may occur. 


Applying Lip Rouge 

Apply the lip rouge in the usual manner, but sparingly. ‘There should 
only be enough lip rouge colouring to cover the natural lip pigment. 
1, in applying, there is a surplus of rouge on the lips, remove by insert- 
ing a tissue and impressing the lips on this tissue, which will absorb the 
Xcess quantity. Lip gloss used sparingly is advised, This helps to keep 
the lip rouge even in appearance, and prevents caking, 


Applying Highlight and Shadows 


Whenever itis necessary to use highlights or shadows apply it to the 
areas before using the base colouring. In other words, the highlights 
and shadows are underneath the base make-up, The highlights or 
shadows can be applied with a water-colour brush. The brush is first 
moistened and then rubbed into the proper colouring of cake make-up, 
and then applied (o the necessary areas. Have this thoroughly dry 
before applying the base make-up. The base make-up will not smudge 
the highlights or shadows. 


Use of Grease Paint 


Grease paint is never used as the foundation in place of pancake for 
Dufaycotor. It can be used in certain cases for highlights, shadows, to 
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cover sears, ete., but then only in very small quantities. The same range 
of tones is used as in pancake. 


‘Sponges 


‘The selection of sponges is very important. Be sure to select a fine 
grain sponge of a very soft, silky texture, and if possible the type 
that has not been bleached. 


Artificial Eye Lashes 
Ifrequited these can be used quite satisfactorily, 


General Remarks 


A colour make-up is best an hour to two after application, when 
traces of noticeable artificiality disappear, and the natural skin texture 
of the individual comes through the make-up. The make-up has by that 
time become part of the individual. Usually a make-up will last for the 
whole day's work. It can be re-touched and repaired as necessary, 

The above outline applies to straight make-ups for colour cinema 
tography. The same principles apply to character work; the more 
natural in appearance and colour these can be made to look the more 
satisfactory the result. 


Max Factor’s MAKE-vP Fo CoLour FILMS 


Women. 


For Dribang Velen Corplons ©!) Ne aM Pantie 
oF iow ions 212 Nova 
For Brats Yep Pair Completions 

oe Dark Complesions 
For Blondes—Very Fair Complesions 
For Highlights 5 % . 
For shadowing >> 
For Powdering 2)” 
For Lins 
For Ghee ry rouge) 
For Eyer O70) 





ase 
No. 6 Eye Lining 


Men. 


For Normal Complesions —....- No. 24H Pancake 
For Very Dark Complexions {2.1 No. 3K-ML or 35H1Y Pancake 
For Fair Complecions 
For Stindowing, 
For hate hl 

9 Extreme Highlights 
For Powering , 
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EuizaserH ARDeN’s MAKE-ur For CoLouR FIs 


Foundation 
Allday Foundation 


ParaCréme 


Rouge and Lipstick 


‘Burnt Sugar 


Cinnabar Drama 
Red Feather 


Stop Red 

Montezuma Red 

Earadie Pik 
jiant Peony 

Cyclamen 

Red Cactus 


Fyeshado 
Bron Clair 
French Grey 


fF 
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Rose Rachel for blonde or medium colouring, Redhead 
fordackercomplexions, orto givea glow to pale one. 


Rose Rachel for blonde volouring, oF to give a light 
effect. Light Rosetta for medium or darker com- 
plexions. 


‘Colours are chosen to harmonize with the colour of the 
‘costume. 


‘A brownish red for use with costumes in browa, maize, 
‘ust, tan, olive green. Good also for redheads, 


Rich reds for dark colours. Also for brunette colouring. 


Clear, ‘bright reds for use with neutral colours, 
‘matching reds, gray, beige, certain yellows and 
(greens, but not mauvish blues. Good with aversge 
‘complexion. 


Bluish reds+—for use with costumes in wine, fuchsia 
and cyclamen shades. Black, white, mauvish, 
‘ues, Paradise Pink is very good with bright pinks 
‘and pastels, 


‘A soft sreyish-brown eye-shado, 
Muted green-brown with gold glints, 
Biloe-grey. 


MAKE-UP 


Buizanert ARbEN'S Maxt-vr ror CoLour FiLms—Continued, 
Eyelash Cosmetique 


Black 6, Used according 
Brown .- ‘to natural colour 
Blue-black — of the hashes, 





Powders 


‘Speci! Rachel 
Rose Mist 


For blondes and for'a pale make-up. 
Used isa first powder ander for a pink tones make-up 
‘worn with pastels, 

Special Mat Foncé .. “Average skins. 

Banana... For fi, ereanny skin. 

‘Tysetta over Mat Foncé A pink toned powder to give warmth to « pale skin. 

(Used as 2 make-up to wear with blue or wine shades. 

Rose Rachel .. .._A deeper powder to give warmth to the skin, especially 
to brunettes. Good with colours such as mulberry, 
dark furs, or as a contrast with white and bright 
‘coloured summer costumes, 

Rosetta Brome For a aun-tan effect, Used over a fighter powder it is 
‘effective for a make-up for a honey-bonde with 
white, brown or green, oF for » darker complexion. 
‘with brilliant colours, 

Light Summer Sun. ‘Dark sun tan, 





CHAPTER 13 
Colour Sensitometry 





have already made ciear that the requirement for a 
recording material is that its sensitivities should conform to 
visual mixture curves for the spectral regions, modulated 

Tespectively by the three subtractive primaries of a given positive process 
‘or material, and that in a coloured multilayer negative the colours may 
bbe what we will providing that they are such as can be" seen" only by 
the duly assigned layer. 

Obviously, visual sensitometry of such a negative material cannot be 
founded upon neutrality since such a negative could bear a record of 
neutral wedge in the form of a strongly coloured image. The charac- 
teristics of each layer could only be explored by a triple photo-clectric 
system trimmed to“ see" the negative as the layers of the chosen 
Positive print material are destined to. 

In fact, visual sensitometry of a coloured negative material is im- 
Practicable unless we assume a spectrally non-selective eutral grey 
scale in the negative results from the combination of the three dyes em 
bodied in its layers and that these greys are ‘* seen "in precisely the 
same manner by each layer of the positive, 

The positive material is to be viewed by the human eye and the 
Problem of its sensizometry is stricly the concern of the manufacturer 
in the case of multilayer materials; whereas in printing processes carried 
Out in the laboratory control may be by conventional densitometry 1s 
in the case of Technicolor, or by methods analogous to colorimetry for 
Processes like Dufaychrome or Gasparcolor. 

We know that ideal subtractive dyes or colouring agents do not exist. 
ICthey did exist then the colour density of a dye would be a measure of 
its absorption in the region of the spectrum itis intended to modulate, 
{ts density for that region could be determined by means ofa filer trans. 
mitting only in that region. Thus yellow would be measured with a 
narrow-cut blue filter, cyan with a red filter, and magenta with a green 
filter. However, the dyes available only roughly approximate to the 
‘deal. The spectral distribution of eneray of the light transmitted by theit 
integrated absorptions yields generally a triple humped curve. This 
integrated transmission stinsulates an achromatic sensation at a certain 
balance of densities for the three dyes chosen, but if the densities of the 
three dyes are reduced linearly the integrated transmissions may to 
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onger yield spectral distributions which stimulate grey sensation. In 
general, therefore, we cannot apply assumptions derived from experience 
with the silver deposits of the black-and-white photographic image, 
The assumption therefore that the sensitometric curves of three dye 
images should be coincident in order to yield neutrality is false, and little 
valuable information can be derived from constructing the conventional 
‘curves representing the relation between log exposure and the eorre- 
sponding density. (The H and D curve.) If this is done it soon becomes 
‘evident that a satisfactory grey scale is rendered by three curves which 
may depart considerably from coincidence, 

G. Heymer and D. Sundhoff (1) were the first to point out that a new 
quantity was required which would yield identical values for the three 
subtractive primaries when their combination at certain concentrations 
yields visually neutral colour. (Depending, of course, on the spectral 
distribution of energy of the light souree.) ‘They called this quantity 
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Fio, 322.~Eifet of impurities npon sombined density (R. M. Evans), 

* grauaequivalente teilfarbdichte,”" or ** equivalent density." This is 

the visual density any colour used in a subtractive process would have 

if it were neutralized by superimposition of the just required amounts 

of the other two colours used in that process, 

R. M. Evans (2) of Eastman Kodak has described a colour densito- 
meter which can be used for determining equivalent densities, He points 
ut that at first sight it would appear that equivalent density must be the 
density & colour would have if it were subtractively combined with its 
exact complementary. But this is not the case because: 

* If three dyes sre chosen which in a certain ratio give neutral grey, 
the visual density of this grey is greater than the maximum absorption 
density of any one of the dyes at any wavelength. This is due to the 
so-called * impurity " of the colours and is illustrated by the arbitrarily 
drawn curves of Fig. 322. In this figure the density of each dys at 
each wavelength is plotted separately, the density at each wavelength 
being defined as in the case of silver images. (This is possible because 

* The term ** grey-yield " is better English und preferred by (he author, 
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wavelengths. Being the same at all wavelengths, this density isthe value 
that would be read by white light on a densitometer. Note, however, 
that since each of the dyes has a definite density at every wavelength, the 
final neutral density is higher than any point in any of the curves. If 
the exact physical complementary for any of the dyes were added to 
that dye, nothing would have been added to its maximum density and 
the fina! neutral density would have been fess in such a ease than in the 
ease of the three actual dyes."* 

Any change in the concentration of a dye would involve a change in its 
complementary. Accordingly visual measurements. ‘of density by means 
of an arbitrary filter are unrelated to dye processes. 

Equivalent density or ** grey-yleld "for each step of a wedge in one 
of the constituent subtractive primaries (say, magenta) is the density 
formed when the required amounts of the other two colours are super- 
imposed on each step to yield neutrality, Such densities mean thit 
when equal densities of all three dyes are superimposed the result is 
& neutral grey equal in density at each step to the other two recording 
elements in the subtractive structure. 

Evans has adapted the Capstaff-Purdy densitometer in which the 
image, being measured, is placed in a beam of light in series with a 
Circular calibrated neutral wedge of graduated density (Fig. 323). 
“ By another path, light from the same source is brought around the 
wedge and both beams of fight enter an eyepiece in such a way that 
comparison of the brightnesses of the two may be made to high pre- 
Cision. ‘The brightness of the unimpeded beam due to the length of its 
Path is made less than that of the wedge beam in a known ratio. In 
Other words, it requires a definite density of, say, 3-4 in the path of the 
light through the wedge to make it equal the brightness of the compari 
son beam. The density of the unknown sample may be determined by 
‘moving the wedge until the two beams match. AC this point it is known 
that the sum of the density of the wedge and the unknown equals 3:4 
‘and the instrument may be calibrated to read the difference between this 
and the actual wedge density, or the density of the unknown." The 
‘advantage is that the field brightness when the beams are matched is 
‘always the same. Plus the grey wedge, three additional wedges are used 
‘made in the actual three element colours of the process. 

To measure a colour deposit (one of the subtractives, say, yellow) the 
film is placed in beam C with all wedges at a maximum transmission, 
‘The neutral wedge is then rotated to equate the brightness of the two 
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halves of the field. Next each of the other two wedges (namely, the cyan 
and magenta) is rotated until the transmitted light appears grey, The 
brightnesses of the two halves of the field are then matched and the 
density is then read from the neutral wedge scale. 
Evansnotes:"* Ifthe colourisnot a deposit of one colour record alone 
but a mixture of two or of all the records, the density may still be 
coraus 
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Fig, 323,—Schemstic urrangement of colour densitometer (R. M. Evans). 


determined and is of equal validity to that read from a deposit of a 
Single colour if care is taken to add in only those colours in which the 
original is deficient. Where the density corresponding to one colour 
fecord is all that is desired, there is no need for calibration of any of the 
colour wedges. It is within the capacities of the instrument, however, to 
calibrate itself, and when this is done it becomes possible to determine 
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the equivalent density of eack of the colours in any mixture. This makes 
it possible to determine the curves for each colour record from a single 
Photograph of a neutral scale or, more conveniently, from a single 
exposure to white light in a sensitometer of the conventional type."” 
“ The calibration and application of the instrument for this purpose is 
carried out as follows: Arbitrary scales are attached to each of the colour 
wedges. If wedge Cis to be calibrated, it is set at the first division of its 
arbitrary scale, say, ten degrees from the point at which the wedge has no 
colour, The other two wedges are then rotated until the light passing 
through is grey, the brightness of the beam is matched to that of the 
comparison beam, and the * equivalent density * read from the neutral 
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Fro. 324 —Colour density curves of a sensitometric xttip (R. M. Evins), 





as usual; the wedge corresponding in 
colour to the predominant colour of the sample is left at zero, and 
Sufficient of each of the other colours is added by means of the wedges 
to give a neutral which is then balanced with the neutral wedge. The 
‘neutral wedge now reads the equivalent density of the colour present 
in the greatest amount, and the densities on the other two wedges, 
subtracted from this value, give the equivaleat density of each of the 
other colours present in the sample.” 
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If a sensitometer strip is exposed by white light and the resulting 
steps are read, the curves of each colour may be plotted independently, 
Fig. 324 shows colour density curves read on colour densitometer of 
the type Evans describes. They are chosen deliberately to exhibit an 
unbalanced process, The scale appeared neutral at step A, red at step B, 
and green at step C. 

Obviously such an instrument must be fitted to each process, the 
wedges being made by the process, and "the inter-changeability of 
colours at the wedge and sample positions must be checked over a 
sufficient range before the results can be expected to yield useful infor- 
mation in the control and adjustment of the process."* 

‘As M. H. Sweet (3) reminds us in discussing equivalent density: "* Tt 
can be readily understood that for every different combination of 
densities of the three dyes there will be a unique set of three integral 
density readings and a corresponding set of equivalent density values 
‘Those familiar with masking processes may grasp the principles in- 
volved, in fact, the three equations (all linear) which show the relation 
ship between the equivalent density and the integral density readings are 
identical with those used in connection with the automatic masking 
technique in subtractive colour processes ” (4). 
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CHAPTER 14 


The Phenomena of Colour Vision and the 
Making of Films in Colour 





AFTER-IMAGES 

If we gaze steadily at a fairly bright patch of white fight for a few 
seconds and then close the eyes we can sec an image of the shape 
of the patch persisting. Such a persisting sensation is called an 
* aftersimage.”” The evidence supports the opinion that it has its origin 
in the retina. For instance, if we expose one eye only to the stimulus 
‘we shall find that an after-image is confined to that eye only. If the 
original stimulus was intense enough it will be observed that various 
changes occur in the colour of the after-image, Next we find that if 
‘we submit to the eyes the same stimulus, but this time keep the eyes 
‘open and tum the gaze to some uniform background, say of white 
OF grey, we can still sce the after-image superimposed upon it. Since 
the colour film will often present rapidly varying stimuli to the eye, 
iv is well that we should be acquainted with the phenomena of after- 
images, as it should thus prove possible to emphasize colour contrasts, 
‘and thereby to predict the westhetic effect of certain sequences. The nature 
of the after-image depends upon the quality and the intensity of the 
first stimulus, and upon the quality and the intensity of the secondary 
background. 

Afler-images are of two kinds, positive and negative. If we look 
for a few seconds at a white spot and then direct the gaze upon a white 
surface, a black spot surrounded by a halo will be seen. This is the 
negative after-image. If the original spot is coloured the after-image 
Will be observed to be tinged with the complementary colour. Under 
other conditions, ifa brightly illuminated spot is seen only momentarily, 
the after-image will be seen as an illuminated area. This is a positive 
after-image, and if the first stimuli is coloured the positive after-image 
will be similar in colour, Both positive and negative after-images 
are continually present in our normal visual field. After-images 
persist much longer than is generally supposed. A patch of 10 foot- 
Tamberts huminance if gazed at for half a minute will leave an after-image 
which will persist for five seconds, 

A bright patch of white will leave an after-image which, though at 
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first white, will later pass through a regular sequence of colour changes, 
“These changes are generally in. the order: white—greenish: hite— 
green—red—blue—green—red—blue, over a period of several seconds. 
(During this period the image is positive, afterwards it changes to a 
negative after-image, which may have a halo in the complementary 
colour to the colour which the spot assumes at any moment.) 

‘The effects are complicated and exhibit divers phenomena, but the 
principal fact for us to remember is that the first after-image of a 
colour stimulus is approximately complementary to it, thus: 


onda Anes 
nee 
oo Cee 
Blue Yellon-Orange, et. 


These after-images are not exactly complementary to the original 
excitation, and they are negative after-images. If we look fixedly at 
patch of vivid colour and observe the after-image upon another 
colour we find that the colour of the after-image approximates to that 
colour which would result from subtracting the colour of the first 
stimulus from that of the secondary background colour. ‘The effect 
is somewhat like that of an absorption filter except that the after- 
image is often fighter than the background, The following effects 
are found (Table 39): 
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After-images ure said to be due to two causes. Firstly, to persistence 
of the visual process after the stimulation has been withdrawn, and 
secondly to fatigue, The latter phenomenon is of great importance 
in the technical refinement of the colour film. By prolonged exposure 
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to one of the primary colours saturated, and of fuir intensity, fatigue 
ccan be carried so far that we can experience nearly total colour blindness 
to light of that colour. After complete fatigue for red has been induced, 
poppies appear blick, vegetation bluish-green, and complexions look 
as they do when illuminated by the old type mercury Vapour light. By 
the production of a certain amount of fatigue emphasis can be placed on 
certain parts of the picture. For example, the apparent vividness of 
some green costumes could be much increased by exposure of the eye to 
some areas of red or rose just before the greens are Lo appear, and 
vice versa, The same effect is obtainable with any other pair of ap- 
proximate complementaries. 


COLOUR FATIGUE 


This is generally stated to be the cause of negative afier-images. 
Whatever the explanation may be, psychological or physiol 
or both, whether retinal in its origin or cortical, matters not; we are 
concerned primarily with the fact that the sensation commences to 
alter both in intensity and quality from the moment the vision is fixed 
upon some part of the visual field. ‘The effect is that the apparatus 
responds more and more fecbly to light impulses of the wavelength 
of the stimulus, until finally, under conditions of extreme intensity, 
it will no longer respond at all, We are temporarily blinded, 

Abney (1) exposed one eye to red of 0-670, Ho then found that the 
Pure spectrum hues could be matched to another wavelength judged 
by the other eye (Table 65), 
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Dr. Burch (2) found “that after fatigue for red, scarlet geraniums 
appear black, calceolarias and sunflowers various shades of green, 
and marigolds green, shaded with black in the parts that are orange 
to the normal eye, Purple fowers, such as candytuft and clematis, 
Took violet, and pink roses bright sky-blue. Short exposures—a 
{few seconds to two or three minutes—sulfice, and the effect is transient, 
passing off in about ten minutes. After fatigue for violet, violet wools 
Took black, purple flowers crimson, some blues greenish, green a 
richer hue.’ A noticeable effect is the tinging of all objects which do 
not reflect violet with that colour. Fatiguing with green makes the 
landscape look like a picture painted with vermilion, ultramarine 
‘and white, The foliage is reddish-grey or bluish-grey, blue flowers are 
dirty blue, red flowers are impure red, and every colour but green i 
tinged with green. Fatigue of one eye with purple and the other with 
‘green produced a" very weird and exaggerated stereoscopic effect.” 
These effects have some bearing upon the colour design of sets 
in the colour film, but they must constantly be borne in mind in 
sequences. Consider the case of a momentary glimpse of an exterior 
following an interior, the prevailing hue in which, let us say, is orange, 
then the eye, being adjusted for the warm part of the spectrum, will 
see the colours of the exterior minus red, orange, and yellow. It would 
appear much 100 blue—too cold and lifeless. This effect is. often 
visible in actual experience in the street when one emerges from a 
restaurant illuminated with warm artificial lighting: the exterior 
looks freezingly cold, and a few moments have to elapse before the 
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eye can adapt itself to the new light. In the film it would be necessary 
to grade the printing of the exterior in the instance referred to such 
that it was warmer than might be correct in other conditions. The 
Opposite would be true if a warm interior followed a long exterior shot. 

Again, we should have to take into consideration the effect upon 
complexions and flesh colour if the observer's eye had been fatigued 
by exposure for some time to a warm colour. Suppose we have been 
gazing at a red door which is suddenly opened, then the complexion 
of the person entering will seem to be pale and wan. But this, unfortu- 
nately, is an instance in which little can be done, except perhaps to 
place an orange filter over one of the spotlamps illuminating the face. 
As the person moves through the door this light could be slowly 
reduced in volume and by adaptation we would soon recover our 
normat sense of flesh colour. 

‘The advantage of colour-compensating illumination is doubtful, 
except in a short shot, because the eye quickly adapts itself to a new 
colour balance and fatigue begins for the second stimulus, while re 
covery begins in response-power to the primary stimulus, It is im- 
practicable to arrange for a gradual compensation starting at the junction 
of two contrasting shots. The mlx permits a brief recovery period 
‘and helps to reduce the distortion of colour fatigue and the fade is 
‘till more effective. The period of w fade in colour should be longer 
than in black-and-white, as this will give the eye time to recover its 
neutral balance, 


SIMULTANEOUS CONTRAST 

There is a reciprocal interaction between contiguous, or nearly 
‘contiguous, areas in the visual field. Chevreul called this simultane 
it has also been called “* spatial induction.” Not only 
does every colour stimulus affect the response to the stimulus which 
follows, by means of what has been called successive contrast, or fatigue, 
but we also find that every stimulated area of the retina has some effect. 
upon the characteristic response of the neighbouring areas. The 
response of the retinal apparatus depends upon the state of the sur- 
Tounding area, and the stimulated area itself has some effect upon 
the surround, 

When two different colours are juxtaposed, they modify each other 
both in brightness and in hue. A patch of grey on a white background 
looks darker than when seen against a black background, 

The contrast effect is greatest at the edges. This can be seen in 
‘any pattern consisting of dark and light stripes; the light stripe seems 
to be graduated in lightness. A photographic wedge of steps of in- 
creasing density exhibits this phenomenon at the juxtaposed edges of 
each step. Separation of the contrasting colours by black much reduces 
the effect. 
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‘The most important characteristic for us to remember is that the 
surrounding area tends to be modified in the direction of the comple- 
mentary of the stimulus. The effect is most marked when one of the 
two colours is white, The white may become apparently quite a 
saturated hue, indeed, to an extent which constitutes this phenomenon 
‘one of the major visual illusions. This effect has been used by painters 
for centuries; Leonardo de Vinci, for instance, describes it in detail, 
IF itis desired to increase the apparent vividness of a hue such as red, 
then this may be accomplished by placing its complementary, bluish- 
green, in juxtaposition to it, 

When a white spot is seen against 2 surrounding area of a pure 
hhue it appears to be a pale colour approximately, but not exactly, 
the complementary of the background. Abney gives a table (Table 67) 
which describes the reciprocal modification of pairs of saturated hues, 

Another very interesting table of considerable importance to the 
colourist gives the effect of the spectrum hues when contrasted with 
white: in each case it was found that the contrast white could be matched 
by a pure hue plus a certain percentage of white. That the contrast 
© whites " are not of a hue exactly complementary to the spectrum 
colours is evident if reference is made to Table 69 of true comple- 
mentaries, 

‘Note that, according to Abney, the contrast white, to green of 0-558,., 
fs a whitish orange of 0-610 dominant wavelength. This is very 
doubtful, as we should expect the contrast white to be pinkish, the 
complementary of 0558, being a purple. 
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‘The future art directors of the colour film will have to bear in mind 
the following facts: 

1. The contrast offect is not uniform over the whole surface, but 
is most marked at the edges. 

2. Actual contiguity of the reacting surfaces is not essential for the 
contrast effect to become apparent. 

3. The extent of the background, as well as its lightness and ‘hue, 
‘modifies the saturation and lightness of the contrast colour, 

4, A narrow black line between the fields diminishes the contrast. 

3, With black or white grounds the contrast increases with the 
saturation of the coloured field, 

6, The induced colour sensation is not the precise complementary 
of the inducing, 
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CHAPTER |S 
Colour Harmony 





defined in the past, the theories of writers from Chevreul 

to Ostwald can have only limited application to a visual 
art of continuous motion. The relative area occupied by each com- 
ponent tone of a combination (e.g., by each note of a chord) in the 
ease of a static art is of the utmost importance, In the motion picture 
4 relationship which might be theoretically admirable at one moment 
might be destroyed, if it did not become actively disagreeable at 
another moment immediately after, owing to a considerable readjust- 
ment of the relative areas occupied by the constituent tones as a result 
of a movement of masses relative to each other. This is a rather 
academic way of saying that a dress might be very pretty seen against 
4 certain part of « background if fixed there ax in & painting, but that 
its colour might clash with some other part of the background if its 
‘wearer moved in front of it, although the tone of this second. part of 
the background was part of an otiginal harmony in the first position. 

‘The most stimulating ** laws” which have so far been proposed 

concerning the area of individual tones in a composition are. thus 
formulated: 

1. The area of a given colour should be inversely. proportional 
to the saturation of the colour, so that the greater the degree 
of saturation the smaller the arcu. 

2, The area of a given colour with relation to its hue should be such 
that the relative area will be greater broadly proportional 
to the diminution of the wayelength. (Less for the long. wave- 
length end of the spectrum and more for the short wave end.) 

3, The area of a colour should be inversely proportional 10 its 
Nighinss, 0 that the greater the lightnes the smuller should 

the area, 


Since all three variables are often present in combinations of any 
degree of complexity, it may be said that the first law is the most im+ 
portant ono to conform to, and that it provides the governing factor, 
It follows that if saturated colours are used as a means of creating 
centres of interest upon which the visual attention is focused, back- 
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grounds should) be relatively desaturated, such that the percentage 
of the dilution with white should be approximately. proportional to 
the area of the background as compared with the contrasting centre 
of interest, 

Some writers on colour harmony have based their theory of harmony 
upon the proposition that the respective elements of « combination 
should constitute neutral grey if their stimuli were additively mixed. 
This necessitates the assumption that the areas should be so adjusted 
that neutrality is the outcome of their addition. However, the history 
of colour harmony gives fittle if any support for this theory, for in 
the vast majority of acknowledged examples of good colour the’ har- 
monies are of the type in which one tone is predominant, or else there 
is « general tendency to warm (e,¢., the long wave end of the spectrum) 
colour, If we could make a tremendous patchwork quilt of every 
picture in the National Gallery, and then by some means additively 
mix all the separate patches, the combined tone would. be a warm. 
grey, but by no means would it comprise a neutral grey. Their eanvases 
curiously licking in the colours of the short wave end of the spectrum, 
‘we might be led to suppose that most of the great painters were in 
the two-colour stage of visual evolution. It is hard to aecount for the 
‘almost total absence of blue-violet and violet in the works of so many 
artists by an aversion to these colours. As for Rembrandt, there is 
‘not much doubt but that he was either a dichromat or perhaps even a 
‘monochromat, that rarest of all the types of colour deficiency, it being 
improbable that he could perceive biue at all; nor much green either, 
judging by the absence of this colour from his paintings. 

Colour harmony is, when it becomes significant, a product of 
creative imagination; and as such jt is not subject to, mathematical 
analysis. The colour harmonies of a great painter seem. to. possess 
the power of inducing responses from chords, so to speak, which lie 
deep within our natures, and which are but rarely stirred. How docs 
this occur? Presumably deep-lying cultural association response- 
chains are set in motion, By what process of education does one learn to 
respond emotionally to the colouring of sunsets, and in the colouring 
Of paintings to the light that never was on land or sea? It is ull very 
‘mysterious! 

From a scientific point of view it is possible to lay down cerlain 
generalizations which have a guidance value. For instance, it is true 
that one of the principal pleasures to be derived from colour depends 
‘upon the balances to be effected between dissimilar colour sensations. 
As soon as two different colour areas are juxtaposed we bring about 
the phenomenon of contrast. The two sensations may seem either to 
conflict with each other or more oF fess to balance each other, We know 
that the two sensations can differ in three ways: in hue, in saturation, 
in lightness. It seems that one of the conditions of balance, and there- 
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fore of harmony, is that the two stinuiti should have eqratl stimulus 
value, but the maximum of difference. The sensations of hue are psycho 
logically a closed series, and the chromaticity diagram in {ts various 
forms, asa presentation of the facts of colour vision, is entirely unsuitable 
4n-an expression of the psychological aspect of colour vision. Writers 
like Ostwald have chosen a circular figure for the hue series, and on 
Such a circular diagram those hues will possess maximum difference 
Which tie at opposite points on the circumference, Most of the writers 
6n colour harmony have used the spherical colour solid as the basis 
of their systems. Such a circular series of hues is easily divided into 
equal divisions of sensation difference, and by dividing the colour 
Citele into various points an equal number of degrees apart it is possible 
to form combinations of two, three, and four, or more, tones. Such 
combinations have been termed dyads, triads, and so on, Many of 
these intervals, and chords, to borrow the terminology of music, 
are well-recognized harmonies in the history of the graphic arts 
(Tables 70-74), 

Parry Moon and D. E. Spencer have formulated a geometrical 
volour construction as a basis for the study of colour harmony, Their 
foundation consists of « re-presemiution of the C.LE. data (0,S.A. 
smoothed dita) of the Munsell colours which they call the“ Metric 
Colorspace."* This is a cylindrical space (known is w space) in which 
Uunit distance corresponds to.one Munsell chroma step. They note 
that the Munsell hues are Jess equally spaced than the, value of 
chroma steps. Thus Munsell G arid BG are too close together, as are 
R and RP, 

Ostwald had laid down that colour harmony was an outcome of 
orderly (or measured) arrangement, ‘Thus any orderly spacings in the 
colour solid should provide w harmony. Is colour harmony a branch of 
geometry therefore? In.order to discover the value of this concept one 
must first have a metric colour space, and this must represent equal 
sensation differences by equal distances for all three co-ordinates — 
fightness, hue, and saturation (value, hue, and chroma), Constant visual 
adaptation to a neutral stimulus corresponding to Munsell value 5 
‘was assumed. ‘The three ares (see Fig, 325) are designated w, 0, w!. 
Any colour is indicated by a point P. Lightness differences are meastired 
in a direction parallel to the w* axis. Hue fs expressed in terms of angles 
‘about the m* axis, In cylindrical co-ordinates (7, :) 





Wher cop oM 
Weer sa 
Wer ino Mt 


Any coloured light (C.LE.) can be specified by (X, Y, Z). ‘These co- 
ordinates can be transformed to (r, #, 2) and the colour can be repre- 
sented by « point in a space, Usually the Munsell notations employed. 
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measured radially and is approximately equal to r, Hue corresponds 

to the angle @, the ten principal hues of the Munsell system being 

arranged at approximately equal angles about the > axis. The corre- 

spondence between » space and the Munsell system is not perfect. 
‘The authors build their theory upon two postulates, 





Pleasing combinations are obtained when: 

(1) the interval between any two colours is unambiguous, and when 

(2) colours are so chosen that the points representing them in a 

space are related in a simple geometric manner. 

Various possible harmonies are classified and the combinations 
found to be by no means equally pleasing. In all the experiments the 
areas were kept equal. Such efforts to explore the metrical basis of 
colour harmony are of great interest, but much more work will have 
to be done before we derive a psychophysical system with 1 one-to-one 
correspondence with the psychological phenomena of colour esthetics. 
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FOR THE CONVENIENCE OF STUDENTS A LIST IS HERE 
APPENDED OF WELL-KNOWN DYADS AND TRIADS 


Tame 70 


DYADS 





THE FOLLOWING DYADS ARE LESS PLEASANT BUT 
ARE FREQUENTLY EMPLOYED WHEN A RATHER 
VITAL EFFECT IS DESIRED 


Tame 71 
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THESE TRIADS ARE CHEERFUL AND NOT UNLIKE THE 
MAJOR CHORDS OF MUSIC IN THEIR EMOTIONAL 
EFFECT 


Tape 73 
Red Yellow he 
Yellow Dine Red 
Bue-Green Red-Viokst Yellow-Orange 
Red-Orange Yellow-Green Blue-Violet 
Yellow-Green, Blue-Violet Red-Orange 
Blue Red Yellow 
Orange Green Violet 
Green Viole! Orange 
BiiieViolet Red-Orange Yellow-Green 
Yellow-Oranige Bihie-Green Red-Violet 
BitesGieeen Red-Violet Yellow-Orange 
Violet Orange Green 


THE TRIADS IN THIS TABLE ARE SOMEWHAT MORE 
SOLEMN AND RICHER IN TEXTURE THAN THE LAST 
SERIES 


‘Tante 74 

te ve = 
Yellow-Orange ‘Blue-Green Red-Violet 
Blie-Green Red-Violet, ‘Yellow-Orange 
Red-Orunge Yellow-Greeo Blue-Violet 
Yellow Blue Red 
Blue Red Yellow 
ro Sea ie 

—— oe 
Bloe-Violet ReiOrange ‘Yellow-Green 
‘Yellow-Orange ‘Blve-Green Red-Violet 
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Western music evolved from the aural recognition of w simple 
harmonic series of vibratory ratios from which with slight adjustments 
we can adopt various frequency orders for scales. Some of the scales 
are generated by simple fractional division of a vibrating string or of 
the column of air in a tube, What is rigidly fixed for the musician's 
ear is above all the interval, or frequency ratio. 

Successive intervals in a regulir order form scales, and combinations 
of intervals form chords the elements of which possess vibratory 
coincidence, or otherwise, thus providing aural stimuli which are dis- 
ccriniipated as more or less pleasant. To-day probably significance is 
given priority over plensantness but students must still study “* har- 
mony.” Vibratory ratios do not permit of doubt, and the degree of 
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‘cuphony, concordance, of discordance, is not held to be a maticr of 
opinion. In respect of its mathematically defined symbols the musical 
Janguage is unique. Colour combinations have never been derived from 
intervals having a physical basis subject to such mathematical orders. 

For centuries colours have been used in various combinations in the 
innumerable manifestations of visual art, and countless theories have 
been advanced in an attempt to construct systems the application of 
which would guarantee colouring equal to that of the universally 
acknowledged masterpieces. The failure of such theories when applied 
Jed many to the conclusion that the craftsmen of the great epochs were 
initiated into some occult sceret. Such analysis as has so far been made 
with the aid of modern physical measuring instruments indicates that no 
common rules can be discovered to explain the coloration of works as 
diverse as the windows of Chartres, a Persian rug, or a Chinese vase 
of one of the best periods. Did these craftsmen obey rules? Was any 
system ever taught? 

‘The correct reply is probably that apprentices were taught tradi- 
tional colouring applied to the traditional patterns associated with 
specialized techniques. Innovations were attempted from time to time 
4s tho result of experimentation by an exceptionally imaginative worker 
and the inventions which met with approval were added to the tradition. 
In this manner stylistic schools evolved. Such styles were localized 
geographically and evolution continued often over long periods of time. 
As the technique of a given crafi increased in complexity with an 
invariable movement towards more elaboration so the colouring 
exhibits a parallel growth—simple oppositions of marked contrast at 
the primitive stage—subtle and multiple combinations at the height of 
Power; at the end over-elaboration, over-emphasis, over-richness, 
‘Vulgarity, ostentation and universal extravagance. We may represent 
the cycle thus: 
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Whatever law might be deduced from a scientific analysis of the 
immense history of applied colour will relate to static patterns, for colour 
relationships have been conceived by the artist in the past without 
reference to any extension in time. The motion. picture in colour 
represents the first opportunity for the creation of colour compositions 
in Which the combinations are subject to continuous change, the 
emotional significance being built up in sequential form, so exploiting 
the basic principles of music and the drama. 

‘The udmonition frequently addressed to cameramen and others 
concerned With the pictorial aspect of colour films that they should 
make it their business to study masterpieces of painting is misconceived, 
‘The works of the masters, modern or aricient, manifest such a tremen= 
ous range of expressive means, and so vast an socumulation of styles, 
iat the student would be left confused und distracted and quite unable 
to decide what style to emulate, what effects to learn to reproduce, or 
what harmonies to adopt, No common denominator cun be discerned 
to cover the practice of colourists us fir apart as Veronese, Tintoretto, 
Van Gogh and Derain, sthetic principles derived from the contem- 
plation of static works of urt will in general be misleading and subject 
to grave errors when applied to expressive medin in which the form 
(viz,, form in the musical or literary sense) is revealed in a lapse of time, 
Hence, pictorial composition in the classic sense is no guide to the 
uunfoldment of an idea by form or forms in motion, What may be good 
static composition at one moment may be bad! w moment later, $0 that 
the motion picture is not to be conceived as 0 successful series of 
pictures but rather as an unfoldment of an idea as expressed in terms of 
‘visual motion, 

IF this interpretation be conceded, in what direction are we to look 
for guidance? Surely, to the ballet and to some extent to the principles 
of rhythm and gesture which belong properly to dramatic presentation. 
But in both these art forms the main stresses of shape and of mass 
in the background have been fixed; accordingly it follows from this 
limitution that a large area of the visual field has interfered with the 
condition of unity, which states that if one part moves all parts must 
eventually move. The holding immovable of a background throughout 
4 poem of movement is to demand of the musical composer that be 
should hold fast to one bass note until the work be completed. If the 
background of human rhythmic movement can be caused to take its 
‘own part in the action, all its elements in continual fluctuation, a step 
would have been taken towards a visual art form approaching the 
perfect ssthetic of music. The realization of this concept can most 
cusily be gained by exploiting the inherent capacities of the motion 
pictute technique, The contribution of mobile colour composition to 
this end will be of prime importance. Some hints of future possibilities 
have in this field been given us by Disney. 
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The retinal field being an ured, the simultaneous. perception of 
different colours implies division of the area.. Division generally results 
in boundaries, hence shapes and contours, which must bear to one 
nother proportions or ratios of area, and it is the profound influence of 
this aspect of proportion which has so often been overlooked of wilfully 
disregarded. 

For let there be ito mistake, almost any conceivable combination of 
colours may be made pleasant, or duly expressive, providing the areas 
allotted to the respective tones be rightly adjusted. 

The commonest fallacy is to discuss the harmony of colours as if 
they were entities always destined to occupy equal areas, as in a pattern 
of strips equal in width, 

Another fallacy easily exposed is implicit in the theory that when 
lwoequal areas are allotted to w collection of various colours, providing 
the integrated light of these (checked by angular section in’a rotating 
dis) is a neutral grey, the condition of harmony will be met. It would 
‘not be difficult to show that few, if any, of the acknowledged master- 
pigoes of decorative art would meet this test, 

Within the last few years, the systematic classifications of Ostwald 
and Munsell have supplied’a rational basis for theories based upon 
‘measured intervals, the root idea being to trace paths, curved or other 
Wise, in a three dimensional colour structure and to divide these paths 
into symmettically spaced intervals, and with further elaboration to 
‘oppose a series of spaced intervals complementary thereto, oF to con- 
trast them with a corresponding group situated on « path related to the 
first path by some simple angle. Such paths join the point of a more or 
Jess saturated hue lying on the surface of the colour solid with a point 
‘on the neutral axis. While this theory cannot be held to explain existing 
‘works of ar, itis far the most stimulating proposal so far advanced and 
‘upon its further development might well be founded the scales, intervals 
and chords which are sure to constitute the grammar of a future colour 
language. 

For information concerning the older theories the reader is referred 
to the classic works on the subject, such as those of Chevreul, Rood, 
Rosenstichl. 

Given the existing state of alfsirs, the yriter feels strongly that little 
is to be gained by the study of ingenious theories, especially, when 
exposition of these is limited to the use of colour names or to the 
vaguenesses of colour terminology. What possible sense can be cons 
‘veyed to the student by stating that " orange harmonizes best with its 
complementary, blue **? What orange? Which blue? Textbooks of this 
kind are utterly worthless and still more objectionable are books dealing 
With the occult and esoteric significance of colour, its spiritual value, its 
psychological value, its curative value, and any other value you care to 
imagine. 
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What can be said of any help as a guide to practice? Only this—that 
itis usual to ask musician to direct the music, and that it is equally 
sensible to ask an artist to direct the colour. Artists, like musicians, are 
good, bad and indifferent. The wisest course is to choose one held to be 
good by other artists. Now that film production is attracting (especially 
in England and the Contineat) a culturally higher type there is every 
prospect of a genuine creative artist being chosen for the job of colour 
direction, but in Hollywood this would be as unlikely to occur as the 
choice of Picasso to design the cover of the Saturday Evening Post. 

The technique of the motion drawing, animated cartoon, or puppet 
film, gives us the key to the ideal procedure. The artist should prepare 
4 Series of compositions in colour, illustrating vital moments of the 
action, and between these can be inserted further outline drawings 
indicating important movements of colour masses, When the whole 
film has thus been set out the next stage is to prepare in complete detail 
the actual colours of fabrics, colours of each part of a set, of each 
costume and of every surface in any given scheme. This job should be 
carried out by a specialist who has at hand complete data asto the known 
reproduction of every colour in the whole chromatic range as rendered 
by the colour process being used. ‘This specialist must also have had 
Jong experience in the effects realizable by lighting and he must work in 
close co-operation with the camera staff. ‘The requirement ig that the 
technicians must devote the whole of their skill and knowledge to the 
realization of the concept of the artist who is primarily responsible for 
the character of the film as s mobile colour composition. In his turn 
itis the duty of the artist to interpret the story dynamically and never 
to lose sight of the fact that the colour treatment bas the sole function of 
emotional and intellectual emphais, whether this be to impart a 
heightened sense of reality, to gain an iltusion of space, to impart factual 
information more completely or to induce a mood; these powers of 
colouring being always held subservient to the fundamental task of 
better setting forth the drama of the movement of men in thei field of 
Action. 

‘There are certain principles which need not be defined for the artist 
but which should be stated here if only because they have so frequently 
been disregarded by makers of colour films:— 


1. Simplicity 
The commonest error is over-elaboration. Not that an extremely 
intricate embroidery of colour is incapable of being successfully 
accomplished, but it enormously magnifies the difficulty of control, 
and only very rarely can compositions of this kind be brought off 
‘with success. We are concerned in the motion picture primarily with 
following the expressions, gestures and actions of the dramatic characters, 
and no visual distraction, due to concentration upon incidents, should 
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be tolerated in either background or surrounding areas. Haphazarily 
scattered colour incidents are detestable, especially when these have been 
‘introduced with the vague idea thot the film is in colour and so we must 
have a vase of flowers here or a cushion there and the more vivid the 
colour—the better, Keep the whole scheme simple then, and never 
introduce more colour for the mere sake of colour, 


2. Area and Saturation 


It isa fairly safe rule that the area occupied by a colour should be 
roughly proportional to its saturation; thus, the larger the area the 
Breyer, the more vivid the colour the smaller the area. But this rule 
applies more rigidly in the case of the warm hues, purple, red, orange, 
yellow, than to green, blue and violet, which can occupy large areas 
‘Without giving rise to unbalance, 


3, Successive Contrast 


Always bear in mind that whatever colour chances to be fixated for 
even very brief periods will by retinal fatigue leave the illusion of a 
Superposed ghost-image (the after-image) upon any new area upon 
Which the visual centre is turned, and that the colour of the new area will 
tend to be minus the colour of the area first fixated. The effect will be 
‘observable in proportion to the luminosity and to the saturation of the 
image fixated. This phenomenon is the cause of many disturbing 
transitions in straight cutting from one shot to another, in which the 
predominating hue is markedly different, ‘The skill of the colour 
director is needed 10 foresee’ the problems of transition and colour 
contimilty with which the editor will be faced. More of less noutrally 
coloured transitional passages aro used for bridging important colour 
climaxes, and to act as periods of recovery for the retina after violent 
stimulation. Over and over again one has seen in American musical 
fantasies this principle flouted, with consequent colour fatigue arising 
from lavish bouquets of colour piled one on another irrespective of 
Successive contrast, until the more sensitive of the audience mentally: 
‘ery for mercy. 


4 





wubelety 
Gorgeously glorious colour cannot equal the intense plewsure the 
‘average individual discovers ina sober, cool and mitror-like palette, 
We ought to study Vermeer and Velisquez rather than the Baroque 
Rubens and Titian, It is easier to compose colour massed like the fruit 
‘on a market stall than to match the delicacy of a Girtin watercolour. 
It is grossly untrue to dismiss subtle colouring as wasted upon an 
apathetic public. Beautiful things have a singularly final way of winning 
ail hearts und all minds, whether they want to be Won or no, Let your 
tones be difficult to deseribe and difficult to remember. 
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5. Key 

‘There is a quality in good colour composition for which artists have 
adopted the musical term Key. The difficulty of describing just what 
this means is due partly to the inadequate explanations offered by 
antists themselves, who have rarely been competent to analyse their 
perceptions. Two principles are to be marked—first, a shift of every 
chromaticity in a direction such as would result from the photography of 
‘2 colour temperature somewhat lower than that for which the system is 
balanced. Thus if the recording system is neutrally balanced to. an 
average daylight of colour temperature 6,000” K.., the effect of using a 
very dilute daylight 10 tungsten filter wil result in a just perceptible 
increase of warmth. The problem here is that in theory a neutral grey 
scale should now nor be rendered by the laboratory colour grader 
neutral to the projection illuminant (the usual procedure) because 
relative to the appedrance of such a grey in an equal energy illuminant, 
this neutral grey will now be on the “* golden ™ side of neutral, This 
is precisely what happens if we varnish « painting with a very dilute 
golden varnish: the whole range of chromaticities is shifted, the shift, 
however, being greater for the greens, blues and violets, than for the 
warm colours. The same thing happeas when we view an exterior 
through spectacles tinted, say, very pale flesh colour. This minus filter 
changes the key."" If the minus filter is dense enough it will cause an 
apparent predominance of one hue, as when daylight scenes are photo- 
‘graphed through a filter designed to render the subject as it would have 
appeared illuminated by moonlight. ‘* Key" in this sense can be 
technically defined as—The employment in a composition of a 
chromaticity area or range with its saturation maximie markedly 
inclined towards one part of the spectrum. (Viz., as it would appear if 
plotted on the C.LE. chromaticity chart.) 

Secondly, there is that necessity of key which relates to the use of a 
chosen hue as a recurring motif, a device which contributes much 
towards achieving unity, a prerequisite condition of artistic production. 
‘This principle must be introduced with discretion if it is not to bore by 
becoming obvious. For a woman to wear dresses of the same colour 
throughout the film would be ridiculous, regardless of time, place and 
circumstance, but by restricting the costumes to the wide range covered 
by all the modifications of saturation and luminosity of one hue, the 
desired effect of unity will be obtained. The feeling must be conveyed 
to the audience that a certain colour is the pivot, or axis, towards which 
all other tones converge. For this technique the colour director will ind 
‘4 Munsell atlas* an invaluable guide. The ncoessity that the film should 
possess continuity will also be helped by the colour motif. The preva 
lence of one line will serve as a bridge to link the phases of the film. 


** Munsell Book of Color" (Munsell Calor Company, Inc., Baltimore, Mary- 
land, U.S.A), 
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CHAPTER 16 
Colour Standards: Measurement and 
Specification 


'HE colour composer of the future will not work without some 
system of arbitrary reference to definite specifications, No doubt 
the carly stages of colour film production artists will resort to 
theit lazy, inaccurate methods of indicating their ideas by means of 
messily executed sketches in gauche or water-colours, but for the 
colour composition of the future a method for indicating colour 
fones is required no less accurate than that employed by an engineer 
when he drafts the steelwork of a skyscraper, because a few, rough 
Washes with a. water-colour brush of some mixture of pigments familiar 
{o the artist, such as cobalt blue, chrome orange, light red, etc., bear 
little or no relation to the actual colour which maybe finally seen upon 
the screen, which is the resultant of a large number of intricately 
related factors which have been examined in the section of this book 
dealing with the recording and reproduction sequence, Nor is it likely 
that the coloration of a given part of a film will begin by a rough 
sketch by a painter which cun then be handed over to the technical 
men for its practical realization. It follows, therefore, that the film 
colourist of the future will have to possess as part of his training a 
thorough mastery of all the technical aspects involved in order for 
him to collaborate intelligently with the specialists controlling each 
stage of the colour recording and reproduction, whereas, through 
lack of realization of these requirements, it is certain that in the early 
Stages of colour reproduction painters, will be called in to supervise 
colour direction who, by the nature of their environment and training, 
fare not equipped to understand even the elements of the theory and 
Practice of colour photography, 

Although from a: purely scientific point of view a colour atlas 
Provides an arbitrary und relatively inaccurate method of specification, 
instruments such as trichromatic colorimeters or spectrophotometers 
fire expensive and somewhat inconvenient for the purpose, so that it is 
likely that colour atlases will provide for the time being the most 
Satisfactory method of colour-tono indication, A great number of 
colour atlases have beon dovised. A. H. Munsell, an American artist, 
devised the well-known Munsell System and in 1905 first published 
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A Color Notation (I. In 1915 The Color Adas |2} appeared. 
Today The Munsell Book of Color constitutes the most valuable 
atlas of pigmented samples in existence, ‘The samples are arranged 
in an Order based on sound principles, and this atlas has received wide 
recognition in the United States as basis for colour specification. 
The corresponding German colour sysiem, based on the work of 
Professor W. Ostwald, a renowned chemist, was first embodied in 
Der Farbatlas published in 1917. This system has also been widely 
adopted, but its fundamental basis is not in accordance with modern, 
psychological, or psychophysical, teaching, and it is not likely to survive. 

Munsell recognized from the inception of his work that the three 
characteristics which define completely a colour sensation are hue, 
lightness, and saturation, termed by him hue, value, and chrome 
respectively. He constructed.  oylindrical solid in which the vertical 
co-ordinate represents lightness (valve), angle about the axis re 
Presents hues, and distance from the axis relative saturation 
(Chroma). “The ideal is s psychological colour solid in which 
cylindrical co-ordinates of Euclidean space represent the principal 
attributes of colours perosived us belonging to surfaces and equal 
linear extents represent equal sense-distances. Along the colour scales 
there is variation in but one attribute ata time and the scalar gradu 
tions are perceptually uniform. Furthermore, any horizontal section 
through the solid would define a plane of constant lightness (Munsell 
value), while any vertical plane originating at the achromatic axis 
would be a plane of constant hue, Finally, a cylindrical section con- 
centric with the axis would constitute w surface of constant saturation 
(Munsell chroma)’ 

The Munsell scale units of hue, value, and chroma are not equivalent 
Perceptually. ‘The relation between these units is as follows: One 
Value nit=2 chroma units==3 hue units, (at $ chroma), 

The Munsell notation is as follows: 

A-number and one or two letters indicate location of the given colour 
in the hue circuit, which is divided into 100 hue steps. Each of the ten 
principal Munsall hues (R, YR, ¥, GY, G, BG, B, PB, P, RP) may 
be accompanied by any number from { to 10 to indicate the lesser 
variation or steps in the circuit, The principal hues are understood 
to fall at positions indicated by the number 5, and it is conventional 
to omit this number in the hue notation, Any hue with a designation 
greater thin 5 lies further along the hue series (clockwise direction), 
While designations fess than 5 indicate counter-clockwise departures 
from the principal hue, ‘Thus 9R is a yellowish red, for it deparss from 
R (or SR) by four hue steps in the direction of yellow-red (YR), 
On the other hand, 2R is 1 somewhat purplish-red because it fies 
three steps in the counterclockwise direction toward RP. Numbers 
ranging from 0 to 10 indicate location on the value scale. Thus 
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Value 1/ indicates a near black, 5/ indicates middle grey and 9) a near 
white. ‘The extreme values or ideal limits, 0 and 10, ute not realized 
in practice. Numbers ranging upward towards theoretical fimits (23), 
Tepresent degrees of chroma, Upper limits in practice depend upon the 
Availability of suitable pigments, Zero chroma ineans an achromatic or 
grey colour in which hue is absent. In the complete notation of a colour 
the hie designation is given first, followed by a fractional form of which 
the numerator is the value designation und the denominator 1s the 
chroma designation, Thus, for instance, 7R 3/8 specifies colour 
which is predominantly red in hue with « minor yellow component, 
somewhat low in value and only. moderately high in chroma. 

A subcommittee of the Colorimetry Committee of the Optical 
Society of America in 1937 undertook a re-spaciig of the Munsell 
colours with the object of smoothing out the spacing into perceptually 
uniform colour scales, in accordance with psychological judgments 
averaged for a large number of observers. In 1940 the data were 
summarized in the form of averaged visual estimates of the correct 
Aotations of the hue, value, and chroma of each sample. Subsequetitly, 
in 1943, the subcommittee published a psychophysical system based 
On the 1940 data which corresponded as closely a possible to an ideal 
Psychological colour solid consonant with practical usefulness, The 
curront samples were re-designated with u revised Munsell notation. 

Tt remains to be seen whether an attempt will be made later to issue 
4a revised atlas in conformity with these investigations and recommenda~ 
tions, but it may be discovered that modifications will perforce have 
40 be made in the Munsell System which might result in its being less 
Adaptable (0 its acknowledged purpose iff it were mude to conform 
to an idea! of perceptual uniformity, 

The Munsell Book of Color should. be possessed by every tech: 
nician concerned with the production of motion pictures in colour. 
At will prove to be as valuable an aid to the photographer as to the 
colour director, constituting, as it docs, a common. basis for specifi: 
cation, discussion, and test of the limits of reproduction. 

The problem is too vast a subject to receive detailed treatment in 
this book. For further information the reader is recommended to 
read the following works: 
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COLOUR SCORES 


If the Art Director is to be responsible for the colour composition 
of the film he should present his ideas in the form of a score. There 
is no other way by which he can give the Director a clear idea of the 
relation between the colour treatment of the developmental rhythm 
of the film as a whole. It is probable that the colour score should 
not be composed until the music has been recorded, First should 
come the general conception of the sound treatment, and afterwards 
the composition of the light, The score should take the form of a 
Joose-leaf book consisting of « page to each scene mentioned in the 
shooting script. Each page will represent in the form of vertical 
‘hands the principal colours to be used in the scene. "The width of each 
bind should be related to its probable area in the final picture, At 
the top of each band should be given the code number of that particular 
colour in the colour atlas which has been adopted as standard in the 
production organization. No better atlas is available than the Munsell 
charts, and we can assume that this ntlas will be used for the purpose. 
‘On turning over the pages of the score one can see at a glance the 
sequential dynamic of the film, and the colour harmonies should have 
direct psychological relationship to the film fluxion and to the musical 
treatment, A’ useful suggestion is to paint the subordinate colour 
elements, and perhaps also the principal costume harmonies on celluloid 
sheets, so that these can be seen superposed on the colour schemes of 
the backgrounds, which should have been painted on opaque paper. 
In this way several different costumes can be observed in relation 
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to one background. The painting of these colour scores should be done 
by an apprentice textile designer from atlas indications noted down 
by the Art Director, who can work quite efficiently without resorting 
topainting atall. Such young draughtsmen are available in Manchester, 
many of whom would, no doubt, be inclined to enter the artistic side 
of the motion-picture industry. These draughtsmen have received 
special training in laying down smooth tones in solid water-colour. 
Their skill is far beyond that of the average professional artist, and the 
accuracy of their work has to be seen to be believed. Thus the Art 
Director would be relieved of the drudgery of painting scores, and he 
would be free to concentrate his powers on invention, 

Needless to say, it will be necessary for everyone who is concerned 
‘with colouring to have a copy of the colour atlas. The allas should be 
Kept by, amongst others, the Make-Up Artist, the Wardrobe Mistress, 
the Dress Designer, and the Set Dresser. The production staff must 
‘accustom themselves to the correct designation of colours in their 
conversation. “' A nice warm grey" or" A sort of bluey-green "* 
‘mean nothing to the colour expert, and not so very much to the artist. 
‘When the colour score system has been adopted, a given colour tone 
‘can have one, and only one, description; and there is no more doubt 
about its meaning than there can be as to the significance of the nota- 
tion in a musical score, 


THE FUTURE OF THE COLOUR FILM 


On re-reading this section of the last edition of this book (in 1939) 
the author is impressed with the accuracy of many of the predictions 
then made, It is a fitting moment to review the former material and 
to make such comments as may be apposite under the present alterod 


condition of the world, 

The question was put: “ Will the colour film altogether supplant 
the black-and-white film?"* Not one word of the reply need be altered, 
This was the answer: "It is extremely unlikely that we are about to 
witness a rapid change-over in picture-making in any way comparable 
to that which occurred when sound reproduction became available. 
‘This statement is made in spite of the daily repeated prophecy that we 
are in for a revolution in the industry. On the contrary, it is much more 
likely that the proportion of colour films to black-and-white. will 
gradually, and very gradually, rise during the next five years. It would 
‘be very surprising to the writer if in five years from now one-half of 
films are made in colour."" Now the position is that probably not more 
than one-tenth are made in colour today in 1949, and it will still 
‘be surprising to the writer if one-half of all films are made in colour 
in the year 2000. The reply continues: ** Not the least reason for think- 
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ing this, is the cost of negative and positive film stock for colour as 
compared with black-and-white. Unless remarkable economies cant 
be effected on some other important item of the cost of making 
film, it is difficult to see how the extra cost of negative and. positive 
is going ta be borne by the producers; especially as it is universally 
‘admitted that it is going to be impossible to make more out of a film 
jjust becouse it happens to be in colour, for the very simple reason 
that the public will not pay more to see it, Naturally, we are justified, 
in some degree, in hoping that ultimately the cost of negative and 
positive will perhaps be only a fraction more than black-and-white. 
There is little evidence that this is likely to be the position for some 
time to come, however."" The truth is that the prospect of cheaper 
colour stock is ns distant as ever, if indeed it has not retreated beyond 
the horizon altogether, 

‘After pointing out that the standard of laboratory processing 
would have to be higher than for black-and-white, it was stated that: 
“Th is probable that colour printing will remain, for some yeurs 10 
come, the prerogative of laboratories, not only possessing the most 
up-to-date equipment, but which have the advantage of a specially 
trained staff who are familiar with the peculiar problems involved in 
balancing three-colour printing.”” This is still trus. 

‘Nothing has since occurred to upset the validity of the following: 
+ ‘To those of us who have had some years" experiance of colour films 
it is @ remarkable fact that the introduction of colour into the picture 
seems to arouse instant criticism from an audience which will tolerate 
normally any amount of distortion in black-and-white, It would seem 
1s if the normal power of colour identification is very highly developed. 
By this is not meant that the average individual in Europe or America— 
certainly not the average male—has a highly developed colour memory, 
but that any slight distortion from the condition of neutral balance 
is very quickly spotted as unnatural. And we have to recognize that 
if the colour process was perfect within the illumination limits of pro~ 
jection, the condition of an illusion would very nearly have been ob- 
‘tained, the third dimension being the only missing factor. Owing 
to this developed sensitivity to balance, and probably to range of hue, 
the audience has hitherto come to regard colour films ax being ob- 
viously in the experimental stage; and this conviction has built up a 
considerable antagonism, which it will take a tong time to break down. 
‘Two-colour films no doubt did an immense deal of harm, and still do so. 
People learn to expect gross distortions—in fact, all the old history of 
red trees and sunburnt complexions. Itis remarkable howmen who have 
spent a large part of their lives in pioneering colour processes have 
tetained their ability to observe faulty colour reproduction in other 
processes, but long familiarity, with their own process has blinded 

imperfections; and sometimes to such a degree that they 
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are prepared to swear that brown is green and grey is violet. They 
are like men in love, who cannot conceive that others may see obvious 
faults in the supposedly perfect person, or their processes are like 
"old friends of whose defects they have long csased 10 be aware.” 
How true this still is) And how amazing that two-colour procesies 
shoald have been raised from the dead again! And how sad, too! 
Nor need the following be retracted: “ It can be argued that a 
certain lack of realism, an clement of limitation, or what artists 
(painters) call convention, is a desirable artistic quality, but it is unwise 
to expect the general cinemagoer to appreciate such esthetic refine- 
ments. Forthem the criterion of excellence in colour will beits approach 
to absolute fidelity. As the writer has again and again pointed out, 
the proper approach to the problem for the maker of the colour film 
should be, at first anyhow, to place the minimum. stress upon the 
Accident of colour as such. The quality of the colouring should be 
such as hardly ever to call attention to itself. The first colour film 
to be received with universal acclamation will be that one in which 
We shall never have been conscious of the colour as an achievement. 
‘The inclusion of colour will have given us a sensation of well-being, 
@ general feeling of greater completeness, At present, of course, 
directors are like children who have been given a new toy, and are not 


quite sure how it is supposed to work, nor quite what it is intended 
for.” 





of the field. It would have been 1 vastly more healthy state of affairs, 
especially tn the early stages of the evolution of the colour film, for 
there to have been at least three or four alternative types of product. 
We can predict with almost absolute certainty that this so long held 
dominance of Technicolor is coming to an end, We all know that in 
the public's mind colour films are synonymous with Technicolor, 
Indeed, Dr. Kalmus and his associates have added adjectives to the 
Innguage, for do we not frequently read of technicolored sunsets”? 

The general availability of the multiluyer type of negative-posilive 
film should result in the increasing use of colour photography for the 
newsreel. At any rate, the technical limitations which have hitherto 
restricted its use for this purpose have been largely eliminated, and now 
there remains only the economic barrier to be surmounted. The price of 
Positive prints might be so high as to require an impossible increase 
in the cost to the exhibitor in order to provide an adequate return. 
Whether any increase in the distributor's charges is practicable is open 
0 question, Ses tars tat muller is very conto mane 
facture owing to the number of coatings and the high percentage 
Waste. It is indeed doubtful if this class of film could be made either 
in the United States or in Britain at a sale price equivalent to that at 
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which the Germans are reported to have sold it during their brief 
period of production.’ In any case, Agfa was probably subsidized by 
the Nazi Government, so that we cinnot judge whether the economic 
conditions of manufacture were in any way normal. The positive 
stock processed could hardly be sold in Britain at less than Sixpence a 
foot, on the basis of such information as we now possess as to the 
processes of manufacture and the cost of the raw materials used. 
‘AL this figure its use would be restricted by the newsreel organizations 
16 films recording events of special interest. That the characteristics 
(of the process lend themselves particularly well to. the newsreel has 
been demonstrated convincingly by films made by the Russians, 
Obviously the material has latitude approaching that of monochrome, 
while the speed is adequate to permit very considerable depth of focus. 
Since over twenty cameras were used for the film of the Sports Parade 
in Moscow, clearly no more skill was required than it would be reason- 
able to expect of any newsreel operator. 

‘A study of the attitude today of the British public towards the 
colour film does not reveal as yet any decided preference for feature 
colour films. There does seem to be a marked antipathy to excessive use 
of vivid colour—apparenily popular in Hollywood—which may be 
due to « national liking for the restrained and rather sad tones typical 
of the British sentiment for colour during the last hundred years. The 
‘average cinemagoer is attracted primarily by the individualities of their 
favourite stars and by the story and treatment, and the question of 
colour is only a subsidiary factor of final polish. On the other hand, 
there is not the slightest doubt that the cartoon film is immensely 
preferred in cofour, which is hardly surprising since itis in the animated 
drawing that colour is discovered to be an expressive factor of major 
value. Newsrecls, documentaries, and educational films, are all pire~ 
ferred in colour, 

Had all thesustained efforts of countless men of science, technologists, 
‘and financiers to perfect the means of making motion pictures in colour 
had as their ultimate end the production of ephemeral entertainment for 
the masses, one might doubt that success was an adequate reward, 
but luckily the finished tool had work to be put to of more permanent 
value to man, for the colour film is destined to make a contribution 
of real value to civilization in education and scientific research. As 
‘example we may mention the valuable work which has already been 
done for medicine and agriculture. Thus the promise of lucrative 
reward from the exploitation of a technological triumph has not 
for the first time resulted in benefits being conferred in cases unforeseen 
by men moved rather by greed than by desire for mastery of material 
means for the greater public good. 

* Nevertheless Koda und Du Pont have since offered colour positive raw stock 
at 44 cents afoot, Be 
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Man stands at the parting of his way. His technical triumphs offer 
self-destruction or the enjoyment of a meaningful existence, He must 


evil propaganda, or a colour film can reveal a secret of nature and $0 
‘serve the well-being of all men. We who played our part in the fashion- 
ing of this tool cannot refuse the challenge. It is for us to choose 
which way it shall be. Choose then as servants, but not as slaves— 
for this in truth is the choice before us. 
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APPENDIX | 
BRITISH PATENTS 430,673-566346, COMPLETE 
PATENT LIST CONTAINING EVERY PATENT 
HAVING SOME BEARING ON COLOUR 
CINEMATOGRAPHY 
450,673. Opt., Brewster. { 456.617, Lenticular. 
(685. Gasper. IB, Screea, 
X77, Harnonlcotor, 2-Col, 457,326. Col, Dev. (ML), 1G. 
‘958, Sensitivors, Kodak, ‘6. Ope 
491.178. Lenticular, 1G, 655. Lenticular Steceo, 
1G. 843. Opt Proj. Filter. 
458.286. Sub,, Gatpar. 
WL 
400. 








674, Subs, Dye 435, 
454/088, “(MLL), 1G, 452 
163. Letticulir. 457 
357. Opt., Lenticular. af 
498. Sub., Kodak: 481. Pro} CMC. Comp, 
BOR 664. Sul, Kodak. 
[a nw 
TE, Milas, US 499,071. Printing IMAL), LG, 
42 (rial Rpach(M, 234. Col Trigg 
455,128, Sub,. Kodak, 6M. Lenticular, 
Eh Om Po. i Op lingam & 
4386. Col. Forner, (ML), LO. ‘Seanley). 
456,279. Yellow Filter, Kodak, 400,335. Opt, Beam spiitier. 
‘AssxeyiaTi0Ns. 
Col, Dev. Colour Development. Col. Cor.—Calour correction, 
M.L—Multlayer process. ‘Sep. Layer — Separating layers 
Opl—Optical synthesis proces of | Dye Det —Dye destruction ot silver 
‘exclusively optic) pubject matter, bleach 
‘Sub-—Subtractive process. Col. Ret —Colour Research, 


Me hateatanoes ct Ga Gatien 

2, Col—Two-colour. Cpirs—Couplers, 
‘Imbib,—Imbibition process. 

Col. Rend. —Colour Rendition. P.C.C—Protected Colour Coupler, 
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. Lewticalar. 





oy Allison, 2-3-Cot, Toning. 
Opt Lenticular 
Lenticular: 





| Opt. Beam-plitir. 
Misc. Truecolor. 
Cot Dev (M. 





i Kodi, 
‘Opt Printing. Moreno, 
“Mudtlager, LG. 

Sub, (MLL), LG. 

Opt 4-Co}, Additive 

Sub: (ML) Steiner. 
Murray. 

Op. Beamesplier, 

1 Lenticular. 

»» Towing, (ML), 
Opt, Lenticalar Pra), 

» Heam-spliter, Ranturek. 

, Copying. Kampfer. 

. Sus, (MLL), Koda, 

Screen. 








473422. Opt. Lenticular, LG. 
Screen. 


TS ow 
7 Cot, 
993. Sab.."* Cihecolor 


474,383, Col. Dev. Kodak. 
666. 





94, 
475,191. Sub, (MLL), 
4415. Opt. Pris Beam-apliliee. 
655, Sub,, Pollak 
Tee: Multilayer, Kodak. 
Te gc * 
786. * a 
808. Opt. Technicoliy. 
476,460, Sub, Kampier. 
62. Multlayer, (MLL), UG, 
477.236. Opt. Lenticulut, ‘Thomson 
Houston. 
Opt, Lenticatar, 
‘Sub, Kodak. 
Opt. Soreen Printing. 
Filters. 
Mise 
Opt, Pral, 
329) Screen 
$00. Opt., Hillman. 
SOcno vers 
S44. Lenticatar. 
its 
7AS.,Sub, Gaspae. 
366 Opt Col. Pro. Kaipte, 
333, Col, Dev. 





221, 
524, 
829, 
848, 
22, 

478,038, 






7, Sub. Truclor. 
Opt. Lessicula, 

Sereen. 

Sab, (ML), 1G. 
Screen.” 
Sub, (ML), LG, 

Col, Bev 1G. 


Se (MAL), LG 
336, Opt. 





2s, 


481-01; Col Dev. MEL, LG 
M02 Suh, WE), evaed 
953. Opt. Additive Proj. 

482,068, Lenticular 
at. |, 2001, 

652. Multilayer, (MLL), LG. 
690, Opt, Lenticular, 
733. Multilayer, (M.L.), 

483,000. Subs, (ML), LG- 

020. “Truecalar. 











079, Opt, Hillman, 
271, Sound, (MLL), LG: 
319. Lenticular, Kodak, 
366, Sub. Gaspar- 

465 pce 

366, ib 





Gaspar. 





817. Opt, Hillman. 
RID a 


878. _, Lenticular, 


88 Sub, LG. 
797. Opt, Lenticular. 
485,190. Sub., Printing. 
552. Printing, Gaspar. 
S77. Mise. 
861. Sub.. (MEL). 10. 
B62. Sub, (MLL), 1.G, 
886,005. 4, "IML, 5, 





On if 
107, Misc. Sub, 

44, Sub., (MLL, LG, 
Bi as 

496. a 
Cae 

839. Opt. 


848, Sab. (M.L), 1G. 

S16. Opt, Lenticular, 
487,685, 

769, Sound, (ML), LG, 

941. Imbibilion, 1B, Corp, 
$88,088, Sub, (MLLI LG. 

070. Opt. 

093, Sub,, Gaspar, 

108. Sound. 

398. Opt. Lenticular. 

488. Sub. 

499, Shutter, Truecolor. 

S48. Sab., (MLL), MA 
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488,955. Sub, (MAL), LG- 
(650, Gaspar. 
835. Col. Cor, 
853, Sub. (ML), LG. 
$8903 


Ve we 
1g: at ie 
166) Se Ge 
1S Mise 


274. Col. Dev, (MiLL}, LG: 
299,, Sub, Col, Dev Spencer: 
333. Opt, Cosmoeoior. 

355, 1, Lenticular, 





SIT. (Swiss), 
529, |) Lenticular, Kodak. 
WI. \, 2Col. Belgian), 
$23. Lenticular 


$45. Sub, OMLL), LG, 
40451... Gaspar. 


468. OF 
S16. Multilayer, 1G. 
BUD eye 
aa. 


491,856. Col. Cor. Gispar, 
958. Sub. (ML), 1G. 
BB elas 

{92518 Cal Devs INL 1G. 





672 Sub, Gaspar. 





804, Opt. Lenticular. 
$69. Col, Cor, (MLL), LG. 
819. 4, Philips 
952, |) Dov., Kodak 

494,144. Sound, (ML), LG, 

333, Opt, Hillman. 
Sto a 
Ul. Col. Cor, 
436, Opt. Lenticular. 

495,100, Screen Printing, Zeiss. 
135. Opt, Anaiglyph, (alin), 
348. Lentioulir. 

350 Repeating Back. 

S21, Ope cietishy. 

898, Screen Proj. (German) 
931. Beam-spliter. 

496,089. Misc, LG, 
strlen 

195, Col. Dev, Kodak. 
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496,463. Col, Dev., Du Pout | $02,900, Col, Dev., Kodak, 
354. Sub, Guspur, 505,077- Subs; 1G, 
$59, ue 2X Opry, Tate & Cotyrtone Corp, 
618, Misc,, Da Pont, 38. Sub, LG. 
753. Opt. 330, (ML), Gaspar 
421, Col Opt, 379, jae 
997, Col, Cor. 597. Ope, 

497463, Dev. 752, Sub., Kodak, 
698, Du Pont. 782. Col. Dev, Kodak. 
753, Opt, Lenticular, LG, S14, Sus,, Kodak (Sehinzel), 
$49, Miso, 2-Cotour” a2. 

498,461, Sub., Gaspar, 893, Col, Dev). Kodak 
‘663, Col Rend, $24, Sub., Koduk, 


1. 825, Col, Dev,, Kodak. 












062M. Gevpert 
386 Co tm, Chom Corn 
DB, White (US.A9, 281. Opt. Leaiculie 
Kodak. 331, Sub LG, 
" 359, 
" 450, Flier Layer. Cinecolor. 
. 514, Sound, 1G. 
381, Col, Cor. 
(ML), Kodak, 837% Rend, 
™ 67, Opt. Multieroen Sense. 
e 727. Dun, 
¥! 827, Cal. Cor. tet. Chern: Comp. 
F $67,008, Sub, 1G. 
Stock (ermam. 
Kodak. 
KG. 
(ML), Kodak, 





190. Sub, LG, 
435, Opt (Austrian), 
661. Col, Rend, lawer- Chun. Corn, 
BIZ Opt. Screen, Crisp. 
SMT. Sab, Dufey-Chromex, 
668, 








‘509,918. ‘Sub Sep. Layer. 
310,323. 
‘398 





190. vee Dye Bes. (Swi), 
710, Col. Rend, LG. 


790, Sib, 10. 
300. 4” Kodak. 
204, Lenticular 





Sub. Seaue, (Du Pond), 
Col, Rend, Kodak 
Opt, diatian, 

\. entioula 








per, on Bais (German), 
Lenticular. 


Sub, Gaspar, 
Proj... A. G, Tall, 


, Dev.. Koda, 
, Sab, Gaspar. 
Col Rend., Dufay. 
S14. yy ye Aner, Chern, Co, 
536. Sound, Kodak. 
SE4. Sub. Sep. Layer., LG. 


- Behinasl (Geran), 
Rend, Macadam (Ko 





986, 

517,020, 
193, 
197, 
265. 
ce 
338. Lenticat 

416, Col. Rend, Koduh, 
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s17424. 
#26. + Col. Res. Corp. 
359, Lab, Dye Des, Gaspar, 
580, 
36. i 
518,017, Col. Dev., liford. 
213. 
a. ‘i 
S12. Sound) Guage: 
ns 
761. Hewson. 
BA ie 
1 er omer 
$19,208. Col, Dev. liford. 
253, Peay Kener (Conan 
419, Sub., Kodak. 
69S. Col Dev, Kodak, 
790, Filler Layee, Gawpar. 
31, Sub. Imb, (tation), 
520,076, Kodak. 
173, Sound, Kodak. 


AT. Sub, Gaspar, 


So. wow 
328. COL. Dev.; Kodak, 
529, Sub., Gaspar, 
575. Filter Layer, Grspar, 
376, Lenticular, 

$21,550. Col. Dev., Gevaert. 
“6. Sub., Schinzel (Kodak). 








833. 

oH 

Bs 

836, 

Bel oh ee 

Cine Hy 

967. Gaspar. 
522,028. Col. Renid., LG, 

190, Paper, Gaspar. 

OL, Sub, Dye Des., Gaapar, 

£650, Unchiss., Kodak 


696, Sub,. Gaspar. 
S24O1K (Cl, Res. Oxemr. 


230, Sulb,.Gaspar, 

296 Cat Paper, Shine, (Keri, 
SOT. Sub. Gaspar, 

524,040. Col, Dev, Kodak. 

087. 4. Rend. 

114) Sound, Kodak, 

Ish Multilayer, Kodak. 

320, Filter Layer, Kodak, 

345, Lenticular 
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‘500, Filtee Layer, Kodak. 
669 


COLOUR CINEMATOGRAPHY 


524,582, 
353. 
se 
585, 
556, 
587. 
$58. 





74, 
875, 
m4 


$26,707, 
n 


527,493, 
529,033 
117, 


870. 
$33,568. 
534424. 
5354130. 
341, 
410, 
#12, 
536228, 
27, 
9, 
463. 
+465, 
a7 


ne 
Tal. 
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Sub., Kodak. 
Miltityer, Kodak 
ol. Dev, Kodak, 
Filiee Layer, Kodak, 
‘Sereea Surround, 


3. Filter Layer, Kodak, 


1 Sil Cinecolr. 
. Cok Dev, Kora. 


Sub, Kodak. 
Cb, Dey, Koda, 





* Letieular, 
i 





‘Opt, Beamplitier, Harrison, 

Sub, Lomcular ' Mulilayer 
‘Coated (French), 

Gal, Dey, Kodak. 

Fast Sensltizors, Kodak 

Sub., Filtee Layer, Gaspar. 
«Toning (Spanish). 





we Gaspat, 
Miltiliver, Koda 
Col. Dev, Kodi 
Rend, Kodak, 
scl este 

Sénsitizers, Kodak. 
726. Col. Dey., Kodak. 
vas Hford, 





 Linticalar. 


‘Sub, Cineeolor, 
Sub, Kodak. 

Cot. Rend. 

Sub, Gaspar. 
Col,'Dev,, Du Post. 
Sub, Gaspar 

Opi., Cinecoloe. 
EL Teckel: 
Fast Dyes, 
Sub, (MLL), Kosta 
‘Opt Technicolor. 
Subs (MLL), Kodak, 
ol. Dev, Kori. 








sub, (het.y Rosai. 





336999. Col Dev., Koriak, 
S370, Senaier, Kost 


256. Direct Coupling with Gel., 
Kodak. 
466, Col. Dey,, Koda, 


S012 ew 
O13. mh 
100: Couplers, Du Pont. 
$53. Toning, Cece. 


661. Mask. Prints, Kodak, 
914, Col, Dev., Kodak 
levlor. 


539,070, Col. Devs Kodak 

Dye Destruction, Kodak. 
Mutulsyer Bloat, echak 
colar. 


s 
i 


83 
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Color Emnlsion, Kovtak. 

Filter Layer, Kodak. 

‘Non-Dithasion, Kodak 

Dye Bleach, Kodak. 

Prot. Coupler, Kodak. 
Col. Couplers, Kodik, 

Couplers, Kodak 


Sf BERS 


epeees 
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Filler Layer, Kodak. \ 
Toning, A. G. Tull, 
Mulilayer Toning. A. G. Tull, 
Toning, A. G, Tull. 

‘Mulilayer ‘Toning, A. G. Tull 
Multilayer, Kodak. 


Mullllayer Toning, A. G. Tull 

Dye Dev, Kodak. 

3. Masking, Auto, (MLL) Koa, 
Col. Rend," Antimasking, 
(SUL), Koa, 

Col Dev, Kodak 

Filler Layer (in Dye Salts), | 
Kodiak, 











Toning, (ML), ALG. Toit. | 





. PCC, Du Pont. 

Fixed Col, Couplers, Kodak, 

Oil Couplers, Kodak, 

Col, Dev, Kodak, 

Dye Bleach, Kodak 

I. Cal, Coupler, Du Pont. 

|. Imbibition, Technicolor. 
Col. Coupler, Du Pont. 

BCC, Martine, Kodak. 

Kona, 





). Col: Couplers, Du Poot, 

Fhuotewent M.L., Kodak, 

|. Non-Disfusion, Kodak. 
Couplers in Resa Sit Kova, 


Du 
407, Cot!end, Kodak 
vm Dev., Du Pont. 











Pe 
Filter “Layer, Dye Resins, 


ford, 
Col, Dev, Kotak. 


Col Dey C1: (Du Pont), 
Filler Layer 
Mord, 

Technicolor, 

Dye Bleach, Kodak. 


Dye Resins, 


107 


708, 
547,064. 2 
216. Trick Masking, Teehulcolor. 
HE Cal Der, LC Pon) 





519; Auto-masking, Kodak, 
722. Dye Toning, AG. Tul, 
S47, Col. Dev,, Kodak. 

975. Bleach Bath, Kodak. 
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Substranum, Kodak. 

‘Contrast Control, Technicolor. 
Antistifision, Tectnicalor, 
Mask Printing, Technicolor. 
Toning, AG. Tull, 
Reet ts TH: 
Fitter Layer, A G.Tul, 
(Diz Dyes), 


$48,302, 

S41 
17h 
544, 
‘S87, 
68 


$50,028, 
701, 


994, Toning, Du Pont. 
$51,006, Fitter, (MLL), Mien 
116, ‘Trane, (NLL), Du Pont 
117-120. Col, Couplers in fnitepend+ 
‘ent Layets, (M.L), Du Pont, 
215, Filter Layer, A. G. Tall 
500, Dye Blaach, Kodak, 
<0 


ot, 
199) 
00. 
930, 
$52,008, 
‘00, 
230, 
$53,066 
196, 
229, 
230. 
a7, 
$06, 
07, 
366, 
781, 
82, 





Masking, Kodak, 
Metal Toning, A. G. Tull, 
Toning, A. G, Tull. 
Techuteotor, 


Couplers, Du Pont, 
‘Toning, A. G. Tull 

Col. Dev, Kodik. 

Masking Teebnique, Kodak, 


Toning, ete, (ML), Coote, 

Col, Dev. Kowik. 

Dye desir, Kodak. 

Disteo Toning, A: G, Tull 
‘A. G, Tull 





L Binich. AG, Ti 
Reacting Layers, Du Pont 
Filer Layer, Kodi, 
Beams, Baird. 

te Gevaers, 
U,V. Filter Layer, Kodak. 
Anti-diffusion, Kodak. 
Filter Layer, Gevaert. 
5 Beanesplitiee, Cosmocolor. 
‘Stereo, Polaroid. 
Sound Trick, Técknlcolor. 
Col. Dev... Du Pont, 
Contact Col. Dev, 
Toning, A. 
, Anti-fog, Kodak. 
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S073 Seine “Separndon  Mono- | aE di 7 
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Fia. 326.—The Ansco Color Processing Machine. General drawing. 
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MANUAL. —ANSCO PROCESSING MACHINE, 
MODEL 4C, FOR 16MM. ANSCO COLOR 
REVERSIBLE FILM. 


Section 1 


HE Aoso Color reversible 16-nun. processing machine, Model 4C, was 
developed by the Ansco 16min, Division, with the co-operution of the 
Amico Engineering Deputtment. “The tnyctine provides. the precise control 

‘over processing conditions which is so necessiry iit colour work. tt furthermore 

Yields a production volume of a yery satisfactory. fipure—aboui 3,600 ft, per hour 

‘of operation, 

‘This manual discusses the mechanteat operation, principles of file drive, javtallag 
tion, au other matters pertaining to the processing units. The plumbing, miethod 
‘of replenishment, and solution-mixing systems are covered in a separite manual: 
In the near future a manual of recommended practices for Anseo Color reversal 
laboratories will be issued. ‘This will discuss standardized methods of receiving, 
delivery, idemtiicution, general darkroom, practices, solution control, and colour 
setisitomietry, 


Enumeration of Units 


Referring vo the general drawing (Fig. 326), the four main units are, with respect 
4o the direction of fim travel (1) flim elevator, (2) darkroom processing section, 
‘@) whitlight processing section, and (4) drying cabinet. 

levator (1}-—Mounted on the front of the elevator exblnet isthe fli magazine, 
with flim run-out signals, The elevator spoolbank Is ut 5; the dash pot for arsest= 
ing the descent ofthe lower spookassembly i a6; and tte in breakage Indiator 

au 

Darkroom Processing Section (2)—The Model 4C machine is supported entirely 
fon a specially designed steacturalstcel framework. The use of this steel Framework 
‘iakes the machine entirely sll-supportiag nnd eliminates the necessity of supporting 
the drive and holsting fechansms (rom the calling of the developing room—ai was 
fustomary on the older models: This Improved feature makes It easiet to align 
the driving instalation and ensures permanent alignment Of the parts once the a 
serubly Nas been accomplished, ‘The tli structural stee! framework consists of 
‘wo independent sections—ane for the darkroom processing soction and the other 
{90 the white light provessing section, ‘The two are separated by the Warkroom wall 

“The stee| fnmework of the darkroom section is shown on the drawing by the 
heavily outlined members, It has many funtion. Ik supports the hexagoaal 
drive shaft (8), whieh decives its power from the drive shaft (9) coining from the 
‘white liht section. A spiral mitre gear box (10) forms u junction of the two shuts. 





* Seesalio the section through A-A on the drawing. Several parts are designated 
fon this snd on the plan view—as well as on the elevation—whenever the location 
(oF form is better realized in section o¢ plum. 
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‘A special gear bos (11) travels up and down tho hetagonal ebaft and is attached 
to the main spoot-bank frame (12). The mila ste! framework also supports the 
hoisting mechanism for the spool-bank frame. It eonists of a holatite reduction 
‘pear motor (13), drive and hoist chains (4), and shafting (15). The counterweights 
for the load are housed In the two large oomer pols of the main framework. ‘The 
main framework serves as 9 support for the spool-bank frame in lis processing 
Postion at the four comer rest points (16). Tt also provides vertical guide tracks 
(17) along which grooved rollers (1R) attached to the spool-bank frame travel, On 
fone of the comer posts ure located the (wo limit switches (19) for the spookbank 
frame boist, 

The muin spool-bank fete (12) i 3 rigid structure of aluminium angle pieses: 
{1 supports the seven film spool-banks of this section (20), the horizontal drive 
assembly for these (21), the cross-over spools (22) the rubber squdegces (23), nd 
the drip guards under the spools (24), Fach spool-bunk consists of an upper and 
ower assembly of spools (25 and 254), angle side supports (26), the vertical drive 
shaft (27), and the two gear boxes (26 and 264), One solution tank is designated 
At 29, and the others are obvious. 

Tg ils asses out oF the darkroom section throw the lghttight wall pase 
box (30), 

Whieligh Processing Section (3).—The Whitolight processing section Ww nit 
Practically identical in principle with the darkroom section. Ut ts, however, a con- 
siderably longer unit. ‘This extra length roquires centre posts (I) for the support 
Of the ste! framework, und vertical hanging wipport rods (32) for the cane section 
Of the spool-bunk frame. 

The second exposure unit (33) is located over the first tank of tia section, A 
second breakage indicator (34) is Installed us n cross-over spool between the cinth 
und tenth banks of thie section, counting from the pass-box end. The Varidive 
unit (35) is located in tho auperstructure of ut steel framework: Other parts 
‘Which have the same function us Wdentical parts in the darkroom section need not be 
etumerated again hero, 

The Tranwmusion of Power:—The remotely controtied. Varidsive unit provides 
ower for the entire developing machine. Variable speed of from about 35 t0 70 ft. 
Per minute 's provided and is under the contro} of a small motor (36) (reverible 
‘tt direction of roution) installed inthe Varidrive, ‘This motors operated by switches 
at the main control panel. Coupled to the Vatidrive ty a motor generator (37), 
the ouipat voltage of which is lear in elation to the speed. This Vole fa fea 
At the voltage control panel by a voltmeter calibrated in feet per minute, 

‘The distribution of power from the Varidrive throughout the machiog can be 
traced on the drawing as follows.* The Varidrive unit joins a main ovethead hor 
zontal drive shalt (9) through worm geat box38. ‘This maln shaftenters the darknoo 
Section through the lightstight wall junction (39), ‘Powee i transenitied vertically 
Wownward to euch processing unit by thee hexagonal shafts (8) through spiral 
mitre year bores (10), ‘Thioe special gear boves (11) sliding on the 
halls transmit the power 1o horizontal drive assemblies (21) mounted tn each main 
spool-bank frame, Thete gear boxes slide up und down the hexgonal shafts 
suring hoisting and lowering ofthe spool-bank frame, and they ate botted to the main 
speokbnnk frames, Power from the horizontal drive usternblies ty taken a each 
‘*pool-bunk by mitre year boxes 28), At the lower spoolassembly 4 mitte eeit box 
(GIA) anes the power tothe spon shating 0 which the him spools are ttiched 

setscreas. 











2 Sos Re ston through AA id the deal raving. 
See especially the general plan view. The main drive shafts and a 
located on the fir ide of the machine ns viewed ip the supplied drawing 
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Power for the spool-banks in the drying cabinet is taken off the hexagonal shaft 
of the whitelight processing unit through «spiral mitre gear box (1OA) mounted 02 
I tow crosipiece of the main framework. A horizontal sbaft spans the separation 
between the gear box and the drying cabinet and runs through the exbinet, It is 
{interrupted at each lower spool assembly by & mitre gear box (40), into which is 
‘eared the spool-bank shafling upon which the spools are assembled and fastened by 
setscrens. 

‘The Drying Cabinet (4) —Flannel-covered rollers, turing by friction of the contact 
with the back of the film, are shown st41. One of the partons is at 42, the path 
Df air being indicated by arrows. On the machine end of the drying cabinet are 
mounted the air squecgces (43). On the extreme end of the drying cabinet the com- 
ensator roller (44) and flor take-up ree! spindles (48) are located. Both of these 
Inst are driven by shafting geared through two gear bones (46 and.47) tothe horizontal 
drive shaft of the drying cabinet. Since both the compensstor roller and fhm reel 
have larger diameters than the regular machine spools, gear box 47 must reduce the 
repim. of the main machine ahafting, and it Js, consequently, « bevel reduction 


M1, General Principles of Film Drive 
Friction, Drive 


[No sprockets ure used in the machine. The film is carried and propelled entirely 
by smooth, hard-rubter spools. Therefore, the driving power applied to the film 
Is due to friction between the back of the film and the spoo)." In order to have this 
orve act on the film, a alight tension must be placed oa the film to brig the back of 
the film against the spool. ‘This teesioa is of the order of ove ounce oF less. 

‘This one of the functions of the compensator roller at the wind-up to apply this 
tension, Mf, wbile the machine is running, the compensator is disengaged (and the 
‘wind-up reel also), slack will begin to form in the last bank of the drying cabine 
‘and will progressin wave form towards tbeelevator, At the exact moment slick forms 
at any lower drive spool, the spool stops driving In a few seconds the film will 








‘op driving in all pats ‘on the other hand, the compensator 
is engaged, slack wil rollet of the drying cabinet and pro~ 
aresively ‘levator, und driving force wil be 
plied a8 taken up. 

‘An identical action ta 's break in the film occurs in either of 
the proveming sections oF ‘cabinet. This principle then becomes very 
‘important, fhm behind the break stops, and therefore cannot pike up 
Jin the machine at the breakage poist. Breakage indicators will signal am insmediate 
shut-down before the two ‘of the film have separated too far to permit an 
emergency splice to be mde. 

‘More important fill i the behaviour of the iim driven by this principle knits 
otmal path the yatious solutions. It & weil known that film expands 
fin enh and {i becomes wet during procesting, tt also expands and con- 
‘tracts In possing temperatures, or of different. chemical 
ompoaitions, but the peneral tendency Is one of progressive expansion, especially 
during ‘property of film must be compensated 
for in tof undue amounts of lack will form on the spool 
banks. ‘principle docs this elliéently. Whes a 
slight amount the spoot does not assist in propelling 
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the film, a slight delay of flim drive tikes place, and the spools ahead of the non: 
driving one take up the slack. The process is, af coune. of niomentary ule 
4nd not observable in the ordinary examination of the machine, since no detectable 
ammount of lack ia ever permitted to form. 1t is also correct t think of the spools 
boing driven slightly faster than the film, since a small amount of slippage await 
lake place momentarily on all driven spools which ire carrying expanding film, 


Lower Spoor Assembly: Drive 


Te may be asked why the lower spoolassemblies ure the driven oes while the 
upper spools are allowed to Jdle, The uppor and lower (driven) spookassemblies 
serve entirely different purposes, The upper assembly ean be considered the Alm 
‘carrier, for itis these spools which support the weight ofthe film. ‘The ower assembly 
fs the driver, and this assembly serves to supply the power for conveying the Int 
through the machine, We have seen that a valuable principle of the mchine lies 
4m its refusal to drive slack film, since tbe film will lose contact with the lower 
(driving) spools. If any of the uipper spoots were driven, the weight of the fn 
hanging on the spook would lve sufficient friction to cause driving of the fiin-- 
«yen thounh a break or considerable amounts of slack might lie ahead of the driving 
points, 

‘A further precaution is taken to prevent the driving of slack fl, “This tles in 
‘the large washers which separate each spac! of the uppce spool-astemblies from its 
‘Adjoining two spools. ‘This washer fs keyed into a slot inthe shaft and canuot turn, 
Is efoctively prevents any top spool from driving its neighbouring spools by friction 
‘between the Manges, 


Compensator Roller 


When the wet film enters the drying cabinet it begins to lose is accumulated 
water, and in 40 doing starts to return (o approximately Its original dry dimensions 
‘By about the middle of the thie drying cabinet spool-bank, the flim has become dry 
{0 the touch and appreciably shorter than it was on entering the dryly eubinet. It le 
obvious tut the fil cannot be taken out of the enbinet at the sathe fate that it wis 
pul I ft tthe Function of the compensator roller to compensate for this difference. 
‘The fl entsring the cabinet has: rato practically equal to the malt spookadeive 
‘speed us calculated from the spool circumference times the r-p.m. The cormpeasaton, 
hhowover, must haven slower delivery rate thin this—a value of abxwit O° per eet 
Jess than the main spooldrive. ‘Therefore, the compensator has 4 circumference 
amalles by this value than would be required for it to deliver Bln at the rate of the 
‘main spool-drive. With such compensation, the film throughout the drying cabinet 
retiving at normal tension. 


HL, Discrssion of Units 
Elevator (1) 


Elevator Maxazine—The elevator magatioe his wo tee! spindles, each of which 
a fitted with (wo friction clutch plates to prevent the eel of Gim trom turning too 
Feely, and thus eliminate slick formation a the loading poin.. ‘The friction is 
‘adjustable by a coil spring, washer, und nut assembly, which presses the two clutch 
‘lates together—a large felt wasber being between the clutch plates. Ts adjustment 
should be at the minimum necessary to prevent luck formation as the fim leaves 
‘the fee. The best test of the adjustment is made with both a full reel and in almost 
empty fet, since the resistance to rotation of the spindle varies with the amount 
‘of film on the reel, While the machine i ip operation, closely observe the perforn- 
lunge of the lower spookassembly (of the elevator) ia ise light of the given friction, 
Aadjustinent of the reel spindles, The elevator should, of course, stayopen Warne 
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normal ranting of the machine, Furthermore, iCthe Gim is clamped for splicing 
purposes, the elevator will star to close. Ax it opens on the release of the clamped 


lower spool-assembly 

\welghting of the lower spoolassembly is, of coure, 4 factor to be considered here 
(discussed under Elevator Cabinet, page 678). In general, it may not always be 
possible to secure an ideal adjustment of the several foctors involved. Iti frequently. 
fecessary 10 check by hand the too rapid feeding off the film off the supply. reel 
‘during the fall. of the lower spootassembly, especially immediately after it contacts. 


processing sections. This fact is pot alarming. since the dry film will tolerate con 
Siderably more tension than the wet film. A similar condition of unusual tension 
cexats at the film wind-up reel on the very end of the machine, whore higher tension 
Tenecessary to wind up the flm property. Here again the film is dry. Nevertheless, 
tension should in the best practice be kept down to the minimum values required, 
‘Tension at all points in the machine may be measured by splicing a large rubber 





‘wind-up foes, the edges of the flanges miay saw the edges of the entering film, Many. 
rele are observed to have sharp edges on the circumference of the flanges. These are 
“injurious, especially if they become nicked. Soch reels should be put on a tithe 
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lund the edges rounded off with file and buifing paper, Reels should be kept clean 
‘and should be stored in the cans provided for this purpose. 

‘The feels are loaded on the spindles in such a manner that the film, which shoot 
be wound emulsion side inward, is fd off the bottom of the eel, and the film passes 
directly to the first left-hand spool of the upper bank in the elevator, without twisting 
in its path, Since provision has been made in the magazine for two reels it is well 
‘9 take advantage of this by keeping two reels of film loaded at all tin 
‘Feel being, of course, in reserve, ‘This will reduce the time involved in spl ona 
‘Rew reel when required, since it will not be necessary to handle reels wt the change 
‘over, When the run-out buzzer sounds, the operator should take the film by the 
‘edges (only) and be alert for the run-out, When the ead of the film leaves the reel, the 
film is clamped in the little device installed for this purpose, About ane foot of film 
is left free for splicing on the next reel. Care is taken that the film does not loon, 
off the circumference! of the new reel ind that It is fed directly from the bottom of 
the reel to the elevator, clear of the clamping device. 

levator Cabinet —The elevator cabinet consists of un upper and lower «pode 
assembly, neither being machine-driven. The lower one is mounted on @ chain 
‘uspension which permits it to rise almost to meet the upper assembly. This is a 
{unique principle of elevator spool suspension and equalizes uneven torque in the elo- 
ator chain and sprocket sapension. If the end of the film is clamped for splicing, 
the length of the film in the clevator becotnes shorter as the forward Processing 
‘sections pull the film out of the elevator. “The elevator holds sufficient film for about 
{wo minutes’ operation at normal speed. Afr the splice hah been tke and the 
{nt telesed. the elevator opens as the lower spochassenbly falls slowly t0 the 
‘bottom of the cabinet, where its fall is arrested by the mechanical dash po. To 
rovide fltn for this expansion, the supply reel must feed faster than normally. 

The tension of the chain suspension is adjustable by tuenbuckles, and thie should 
‘be set nt the minimum required fo maintain the spool-assembly ia its proper path 
‘and equalized on both chaitts, In order to fall, the spool-assentbly must overcome 
‘the resistance of the friction of the chaitt and. bearings, the friction of the several 
ball-bearing film spools and of the supply reel spindle friction plate. The weight 
‘of the lower spool-assembly is more than suificient to do this, and in order to prevent 
ts t00 rapid fall it ts counterweighted by mounting containers of lead shot on the 
feverse side of the chain suspension. The amount of this counterweighting should 
be the maximum which will peemit the lower bank to fill from raised position, 
while pulling the tlm off a supply reel which has only & few turns of film on it 
and which is ander fHction due to the clutch plates of the reel spindle. It sh 
also be equalized between the two chins. Too lite eounterweighting would pice 
twndecessary strain on the film when the Tower bik i It «raised peiions While 
foo much would not, of cours. permit the bank to fall to its lower position. The 
Practice of starting the lower bank down with « strong pull should be discouraged, 
‘ince this strain must be taken up by the tlm on the spool-bank. 

Breakage Indicator —Iust before leaving the elevator cabinet, the film is looped 
around the spool of a beeakage indicator. ‘This spool is kept rotating by the fim 
inavel. If the rotation should cease—as will happen in the cuse of a break—a circuit 
Is closed to ring a bell or buzzer. ‘The electrical principles of this are discussed in 
‘Section V, page 683, 


Darkroom Processing Unit Q) 


Mala Spool-Bank Frame —The yeveral parts of the darkroom provestiny unit 
hhave been enumerated. the power transmission font the Varidrive to the Kier 
spool-banks traced, and the hoisting system for the main spool-bank frame oulllied. 








* It has been Found preferable to load only 1400 fl of fim ot the 1,600. reel: 
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“Tie main spookbank frente is 3 large structure of aluminium structural pleoes 
to which the spool-bank supports are bolted, In the " U""-shaped side at the: 

‘of the machine fs located the drive shaft assembly for the spool-banks with its: 
Shafi, couplings, and gear boxes The boist chains are attached to the spool- 
bank frame at the four comers, and in the operating position, the frame rests on 
foitr levelling bolts at the four comers. These bolt 
framework (except ut the elevator end, where they are threaded into the aluminiam 
‘spool-bank frame has two roo 


i § 
: 
f 
i 
£ 





twenty-five hard-rubber, tee-turning spools. Each of the spools is separated 
iis neighbours by washers keyed into a slot in the abaft, The shaft is indexed 
the support by a pla in the shaft, and the slot is faced downwans. ui 
‘spool clearance is fet on the shai, an 
‘wishers across the sha. 


‘A 
this is distributed among the spools and the: 


‘upper mitre gear box bolted under the “* U-shaped aluminiure fearoe 

"The lower shaft bearings and geary are lubricated by the solutions in vba tanks 
"The top gears operate in a grease cate, The outlets for the shafling of this top wear 
‘60x are Hted with self-adjasting oll seals (52). Aa an additional precaution, greaso- 
suichins eve (3) ar nl around te vical shalt erent une 
ear box. 

“The spools of the upper assembly have Parock graphited rabber bushings intended 
for iqucous lubrication. Bushings are not nocestary in the lower (drivea) spools. 

‘Spare parts for a complete spool-bank must be on hand at all times. ‘This should 
nclnde @ factory-assembled lower spoolassembly, complete with gear box. 

‘twill be observed in the detail drawing that the designers have 
location for each bottom spool relative to the top spools 
Specifically, the space between any two top spools i vertically over the centre of 
the bottoin spaok, The reason for this is that the fm mmust advance across the spool 
bank, and this advance is distributed equally between. the top and boltom spools. 
The rnaximum angle of lateral displacement is thus cat in half, in order to obviate 
tank. 


A 
i 
i 
3 


‘any possibility of edge stretching the fle. 

“The Tunks.—The first fque banks are forthe lange first-developer. 
catties 187 ft of flim. Multiplying this by foor and adding 2 ft. for 
the footage in this tank is 750 ft. fully threaded. 





* This vertical drive shaft i& coupled with the lower gear box by a special coupling. 
(51) which is locked with a taper pin. Should the driven spool-assemblies jam 
{for any. reason, this pin is expected to shear before damage is done to. the gears 
‘or drive shafts. 
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‘The required time of immersion is obtained both by an asjustment of the machine 
oped and (if necessary) by skipping loops: The pearal formula for figuring these 


‘Machine speed * Immersion time = Footage travelled by tlm, 
eet per minute) ‘im minutes) 


In general, one of the processing baths will be the limiting factor, and the machine 
speed will be adjusted to give the film in this tank the proper’ immersion time, 
with the banks (or bank) completely threaded. 1f, at this estublished spoed, the 
{eatment in any other tank is figured to be too Jong, loops must be skipped in these 
tanks to obtain the proper timing. 

‘The tanks of this section are made of stainless steel, with bottoms sloping to an 
Oullet to facilitate cleaning when necessary. An overflow outlet ix neat the top. 
‘The solution recirculation intake &s introduced into the tank a few inches below 
this, The developer tank is fitted with jet tube inlets. These are installed between 
spool-banks and have orifices pointing both upwards and dowawards.. The other 
‘wks of this section are singie-bank tants, and, while the solutions are continuously 
replenished, no recirculation is required. 

The film passes out of the first developer, through the rubber Squeegees. nnd oes 
over the crossover apoo} into the next tank— rinse tank. In the Model 4C, (wo 
(0F more loops are to be rinsed. Each loop is 7 PL. 8} in. long. The cross-over kpool 
‘Out OF this rinse tank is & special ome set on an angle to lead the film across to the 
piping side of the clearing bath. The clearing batt is a single-bank tank, as isthe 
following hardener tank. 

Pars-Box—The film crosses 10 the whitelight processing section through the 
light-tighs pass-box in the wall between the processing sections. Locking mechanist 
‘within the box preveats both doors from being opened wt once, thus eliminating 
the possibility of whitelighting the first developing room, An additions pasi-bok 
wall frame with cover panels is to be mounted in the wall on the other side of the 
‘machine. The pass-box may be swiiched over to this frame if t should ever be neces- 
‘sty to use the spare tank in the whitelight section or skip a bank anywhere. This 





Whitelighs Processing Section (3) 
SecondsExposare Device 
fank of one tank. Over this 
frame is the second-exposure device. This consists of = mount for several 





forms here. ‘The main framework and spool-bank frame are much lange, becatise 
they must accommodate sineteen spool-banks. Two additional posts for ie main 
framework are provided in the centre of the span, snd the Jong spool-baie frame 





* Ic is preferable, from the viewpoint of preserving the short stop and hardener 
In the following tanks, to rinte as many loops as the temperature and softness of 
{he wash water will permit. This is especialy important in the ease of the Hast 
{Glowing the colour developer task 
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[a supported in the centre by hanging stalnioss rods (22), with adjustable stop nucs 
‘where they enter the aluminium structural pieacs 

The Tanks,—The colour developer tunk is a large jetccirculated tank containing 
five spool-banks, and thus provides 2 maximum footage of 938 ft. This is followed 
bby the same sequence of short rinse, clearing, hardening, and washing as wus given 
{in the darkroom section. Four single tanks are used. “Then follows = iwo-bank 
jet-circulated bleach tank, which is ewoeptional in that the tank is made of rabber- 
‘coated steel. In this tank the spool-bank side members are coated with * Lastiglas,”” 
a baked-on bakelite, anti-corrosion coating. The footage of the two-bsnk tank 3 
375 A regular stainless steel singlo-bank wash tank follows, then « two-bank hypo 
tank, which is jetcirculated. Crossover is ‘tingle bank wash tank, 3 
‘spate tank follows, which the film skips in the present process,* then 2 two-bank 
final wash tank. ‘This division of the wash into two Links gives a more efficient 
‘washing operation. In the wash tanks, water i introduced at the bottom and over 
flows at the regular overflow outlet near the top of the tank. 


Drying Cobinet (4). 


Ab Squecgees.—As the {ln leaves the whitelight solution section, it is threaded 
though the aie squeegees. Compressed air at 8 to 10 fb. per square inch pressure 
Js blown on the film passing between paired nozzles, having narrave slits to cone 
trate the blast, These slits should be adjusted 10 point slightly downwards from 
‘the horizontal. With correct adjustment, superfluous water should be cleared from 
the perforations ud all surface water removed from the flim, and ve film surfaces. 
will not contact squeegees. For the adjustment and care of the air pump. the 
‘uppliee’s manual should be consulted, and any special instructions required to 
supplement the present manual will be sapped by Ansco. 

Cahinet—The drying cabinet has four long spool-banks, exch iit « compartment 
separated from its neighbour by a partition, but interconnected by both top at 
‘bottom wir ducts. Each bank consists of an upper assembly of idling spools and a 


bbronwe bushings. Between the upper and lower banks js suspended a large Canton 
flannel-covered roller to polish the back of the fin. The lower banks are driven 
by power from the Varidrive, as previouuly explained. Air from the Bryant silica 
‘eel dehydrator is tntroduced into the drying cabinet at the 
‘exhnusted back to the debydrator at the first bank, The silica ge! unit supplies clean, 
‘dehydrated sir. “Normally, the dehydrator is adjusted to supply air of 30 to 35 per 
ent. RH, and a temperiture of 85° to 90° F. Its introduction at the last spool 
‘bank is obviously to treat the flim about to leave the cabinet 
For operation and maintenance of the silica gel unit the supplier's manual should be 
consulted 

Campehsator Riller-—The functions of the compensator rolier—a rubber-yeed. 
wheel whore outside diameter is 88 in—tave been discussed and the mode of 
its drive outlined, During the change-over to a new feel al the wind-up, the eom= 
eat Kops constant pull onthe ln, and therefore mo slack i et back int 
“The fil s led over the outer rim of the roller and then between this and the small 
rubber pressure roller, and from here to either wind-up reel directly. 1t is im- 
portant that no film slippage take place oa the compensator. Therefore, the small 
‘rubber roller must always be in firm contact with the compensator; an adjustable 
spring accomplishes this. The adjustment of the spring should be checked every 
few months. Make the test by pulling out slack from the drying cabinet, shut off 


it 








COLOUR CINEMATOGRAPHY. 


the wind-up reel by hand, ‘The fim should resist uny reasonable amount of torque 
(90 the take-up reel; that is, it should refuse to slip azound the compensstor roller. 
‘When this condition has been met, the pressure ofthe small roller ot the compensator 
{is wutfcient 

Windsup Spindles.—The power for the wind-up spindles is taken off the compen 
sator shufting by leather belts, Two spindles are provided in order to eliminate 
handling of reels on the change-over. Each spindle is mounted in a bracket which # 
fo hinged thar it may pivot up and down over w small are to assist ia engaging 
the leather belts. The downwand swing i limited by a set~icrew which is intended 
to relieve the belt of most of the weight of the assembly and (a control the amount 
‘of torque applied to the wind-up reel. This adjostment is so made that & minimum 
tension is applied to the film coming off the compensator, the minimums being arrived 
fat when the flim winds up with Just agceptable tightness. 


AY, tastallation 


Reference to the floor plan (obtainable (tom the Antco Engineering Department) 
will ive the dimensions of the concrete footing piers Which are to be prepared for 
the main steel framework of the two processing units. They are be 4 in. above 
the level of the floor. When the concrete for these is poured, stud bolts to take the 
steel foot plates ure set in and spiced exactly according 10 dimensions taken olf 
the machine. The main framework is later set down over thee bolts, Welues 
are then applied to raise the foot plates an average of & In, higher. ‘This operation 
must be checked against the vertical guide tracks (inside edge), which should be 
plant, 

‘The darkroom and whitelight sections must be ia alignment with each other, 
‘singe the main oveebead drive shaft must be coupled between the {wo unite without 
‘undue amount of offset. Univers joints provided here will correct minoc mis- 
alignment, Alignment must bo carefully checked. Detween the darkroom wall ynd 
the processing sections, aulcient space should be provided wo. permit walking 
across the machine at these points. 

‘The pase-box frame is installed: inthe wall with the enteance or exit spooks 4 f. 
THE in ubove the operating platform’ and so aligned laterally that We fl, 
{in passing from one processing vection to the other, follows « practically straight 
Hine, ‘The exten wall frume is similarly installed at the other side of the machitie. 

‘The elevator is set up on its angle-iron franie® and so positioned that Is exit 
spool isin line with the enttance spol of the darkroom procewing section. ‘The 
Ashucing from the steet posts of this section should be sufficient to allow cleaning 
Detwec the wo uniabout 6 i, 

‘The drying cabinet is likewise et up on its angle-iron frames and separated from 
the steel frame of the whislight procesing section by an amount sufficient to 
allow an operator to poss between the units. 

The lateral location of the drying cabinet must be arranged to engaye the bottom 
horizontal drive-shaft with its gost box on tho ina seel framework. Very probbly 
{the height und level of the angleiron frame will have to be adjusted to sonne extent 
‘vith shims properly to line up the shafting. ‘The couplings in this shaft are of the 
threepronged type with fibre inserts, und will take care of slight misalignment. 
‘Couplings ofthis type are st with an appreciable clearance between the face of the 

‘and the seat in the coupling member, sie this makes for quicter operation, 
then properly lined up, the fo0% plates of the frame should be botted to the floor 





1 Ansco drawing No, 14092 E4 General Assembly. 

* In installations where concrete operating platform ix pianined, the levator 
should beset directly on the concete, 
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using expansion lugs. This is also done with the angleicon frame of the elevator. 
Hoth wooden cabinets are then bolted to their irom supports. 

Hach spool-bank frame Is to be Jevelled up on its four comer rest points. The 
average aijuntiment should plice the upper surface of the upper spool shalls level 
with the bottom of the overflow fitting of the solution tanks. 

‘The holst chains ere adjusted by turnbuckles, Sulficent slick should be in the 
‘clus to rele them of the weight of the suait firme when it lies on lis rest points. 
‘The shitins on each frame are adjusted equally v0 that the hoist will be applied at 
all contact points of the machine uniformly. 

With the main frames installed and partly lowered, the tanks are to be located 
lusder the spoolsbanks. The tanks are centred with fespect to the spool-bank (or 
banks) on the long dimension of the machine. The location laterally is obtained 
by allowing 3 in. clearance between the inside of the tank (piping inlet side) 
til the centre of the vertical drive shaft of each spool-bank. Measurement will show 
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Fic. 1—fireakoge Indicator. Fo. 2—Varldtive and Speed Changer Motors. 


bout 2b in, clearance on the other se of the tank, Beiween the spoolsbank angle 
side pieces and the inside of the tank. 

{i is not novessary to bolt the tate to the floor. They are simply set directly on 
the concrete Noor ati shimmed up to level i required. 


V. Hlectrical Unity 

1. Breakage Indicator 

In Fig, 1, the cam and microswitch unit of the breakage indicator is shown 
wid is etal rout, The ca bot tusing ky th fl, li pated 
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‘cam stops turning (as when a film break occurs), either one 
witches are left open, the condenser loses its charge, the relay ix de-enersived, 
and the cireuit is closed to the buzzer, The film spool, cam, and 

ae mounted in the machine ‘The remainins electrical appanitus. is mounted 
‘Outside the immediate machine area, 


2 Tachometer Generator snd Speed fadleator 

A G.E. Model No. SBCY6ABTA3A tachometer js tied 
DDT speedindicating 
‘The meter is to be mor 





























“aaa! 
Fria. 3—Hoist Motors, 


Varidrive and Speed Changer Motori 


n Fig. 2 the circuits for the Varidrive (V.S, Type VE. Frame No, 12-59, 1,800- 
1,900 ¢p.m.) and is speed contol motor are shown. ‘The control motor (110-49, 
Single-phase) Is opertisd from a watertight raise and lower past-butlon station 
located at the specd indicator meter in the whitelight section A limit switch 
Jn the mise und lower portion of speed contra! motor circuit. Three watertight 
Frail-button stations for stung and stopping the Varidrive motor are Uo Be is 
Malled. ‘One isto be losated in the darkroom section on the front corner peat of 
the machine nest to the elevator cabinet A aecond lation in 10 be located in the 
\whltelight section oa the front comer pott of the machine ext to the pass-bo%. 
‘The thins ic to be located on the front comet post of the miachine next to the diyiow 


‘Sabinet. ‘The magnetic motor strting switch is to be located outaide the immetliste 
machine area. 





4. Holst Motor, (Whivelighe Section) 
Each hoist motor ie controfied by means of « reversing magneric switch mounted 
‘on. the wall opposite the front of the machine and in the approximate cent fie 


Preventing section. I is actuited by means of 4 watertight rise, lower and so 
wan station With limit switches for avertrayel contcol {see Fig. 3). 
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S. Holst Motor (Darkroom Section) 
‘This is the same specification as the hoist motor in the whitelight section. The 
switches ure to be mounted on the wall opposite the front of the machine, 


6, Second-Exposure Device 

'A bank of incandescent lumps is (0 be mounted over the wash tank following 
the pass-box in the whitelight soctjon. The lamps are to be fed from the secondary 
side of & KA insulation transformer. The lamp circuit is (0 be controlled by 
relty.. The coll of this relay is fed from the load side of the magnetic switch of the 
Varidrive (see Fig. 4). When the film drive is stopped for any reason, the relay 
‘ults out the second-exposure lamps, and thus prevents overheating the film in the 
areit of the second-exposure device. 


7. Circulating Pumps 
Ai} circulating pumps are to be controlled from watertight manual starters 
Jocated on the wall opposite the front of the machine in the whitelight section, 





Bow z0shioiwe 








1B. Stunal Devices for File Elevator 

A microswitch operated feors an arm riding on the file on the supply reet closes 
‘a. volt A.C: source into a bell circuit giving an audible signal when there is only 
@ ft of fim left on the reel. A tine witch should be provided in the 110-volt supply 
to the transformer feeding this set-up to enable disconnection of the signal device, 


9. Switch for Drying. Cabinet 

‘The silica gel dehydrator is to be switched on and of at the drying cabinet by 
‘push-button station operating a magnetic starting switch located outside the im- 
‘mediate machine area. 
10. The ‘Nash Air Compresion 

‘The Nash Air Compressor, which provides air for the squeegees, is to be turned 


(98 and off by push-button station Iosated on the drying cabinet near the saueezce. 
This push-button statlon operites a magnetic startin witch outside the machine 
area, 


‘Vi Leader Considerations 
“The leader takes into the (otal machine i about 6.20 ft, or about one and « 
leader time is about one hour, forty-five minutos at 60 ft, 
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‘Per minute. ‘The leader stock is unperforated white opaque cellulose acetate hse 
for colour muchines. Exhyl cellulose. sued for black-and-white mackines, must wor be 
used for colour. ‘The preferred leader thickness is 170 to 180. Tt blick on ene ude 
‘and white on the other, The black layer makes the two sides easily distinguishable 
‘under darkroom safelighting. ‘The leader normally is run black aide up, 

Whenever necessary the leader is spliced. This is done in such a manner that the 
‘splice will run through the machine spools according to the following illustration: 
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After cach run, the lease is slowly rewound, as the edges run between the fingers, 
‘and is carefully examined visually and by toush for tears, deformations, and weak 
splices. "The life of the leader is increased by avoiding unnecessary tension ut all 
Doints in the machine and by careful handling in general. 

Threwilig the Leader.—With the machine nanning, the leader is threaded over 
the spools. Two operttory on both sides of tho spool-bank, one of the upper 
spoolassembly, the other on the lower, should without difficulty be able to thread 
the leader at normal machine speed.* ‘While this 4 being done, it is advisable 19 
{ubricate all the lower spool shaft bearings with m solution of wiyceioe andl water 

ih 

Neither i wet nor even a dry leader should be left on the 4poot-banks out of the 
‘olations without accumulating conslerable slack at each bank, aise a change 
fw R.H. oF norm! drying would shrink the leader and catise warping of the shalls 
nd damage to the machine and leider. Shick must always be pulled into eich 
‘bank of the drying cabinet on closing down the machine, ‘To oblain slack, the ern 
Pensitor und wind-up reels are disengaged and the spool-drive started. ‘The leader 
Jn the solution tanks i, in practice, never left out of the solutions longer than nacey- 
‘Sty (0 service the spool-banks, and if the job i a long one the leader should be 
Fun out of the machine normally. 








VIL Maintenance 
[Under this subject come the virlous cleaning and lubricating Jobs, which must be 
Scheduled and then stricly adhered to, or situations are liable to develop, which 
‘would Work to the detriment of the output, both as regards quality and quantity. 


Cleaning 


Dally Jobs—As the beginning of each shift, the operators should perform the 

following duties: 

(1) Clean and polish the ale squeegees with crocus cloth, Ifuny roughness of surface 
is noted on the nora, this is to be removed with very fine emery paper and 
Polished smooth with erocus cloth, 





|e fetuce the theesding lime, a second group of operators may start threading’ 
Af a point in the machine about midway down the whitelight section, The leader 
is supplied from a reel on a rewisd clamped on to the spoolbunk frame 
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(@) Wipe out the grease catcher cups on the dive shaft of each spool-bank, 

9) Wipe the i coiptemie rot n wcey Sey cathy tae dy 
1 

(4) Cleats the solution squecyees of any uccumulations. A solution of nitric acid 
‘and water i belpful if calcium carbonate deposits form, 

(5) Clean the erass-aver spools, the past-box spools, and the air-squeegee pools of 
any accumulations. 

(6) Diily check ll bottom and top spools for any calcium carbonate deposits 
‘which may form. If hard water is present, these deposits are expecially common 
and must be constantly removed. Abrasions and seratches on the back of the 
film are the result of neslecting this accumulation. It should be removed when~ 
‘ever necessary’ as described below under Monthly Duties (2). 

(7) During operition, the machine frame, supports, ouisides of tanks and. other 
equipment must be kept clean at all times by wiping. off spilled solutions with 
4 damp cloth, 

Eubof-Week Duties 

(1) Wipe the inside of the drying cabinet, joctuding spools and air ducts, with 
lean, dump cloth. 

(2) At the sume time, whatever parts of the main stoe! framework, spool-bank frame, 
‘and. levator can, be reached from the operating platform should be wiped 
lean. 

3) The working platform is to be hosed off or mopped. 

(4) The outsides of the tanks are to be hosed off oF otherwise cleaned. 


Monthly Duties 


(1) General cleaning of all dustcatching surfaces about and over the machine 
‘with soup and Waler. The inside of the drying cabinet may be included here 
for 4 more thorough cleaning than the weekly aos, 

@) The spookbunks should be cleaned thoroughly. The leader Is run out through 
the drying cabinet, and then the tanks are covered with the plywood sections 
‘provided: these are covered with the rubber blagkets to prevent cleaning acids 
‘nd water from contaminating the provesing solutions in the tanks. ‘The covers 
Of tho Wwhitelight section are cut to jolm between tanks, so that the blankets 
‘an hang down borween this division, Those banks which accumulate an 
fencrustation of water salts are cleaned with nitric acid diluted about 1: 3 tn 
Water, ‘To Jo this Job properly, stainless see! cleaning pans are provided. 
"The top spool-assetbly is removed from its supports and immersed in the special 
‘pan of dilute acld. The lower assembly ts tested by blocking up the special 
‘pan under the’ parts. ‘The angle aide pieces and the shafling are treated by 
‘swabbing the acid from # pan up the length of the member. Soxne of the spool- 
‘banks may be cleuned easly enough by serubbing with « bratle brush and water. 
Such banks need not be acid treated, All parts must be well hosed off to som 
Dilele the job, 

Occasional Cleaning 
Tho spools in the first developer, hypo, and certain other tanks will slowly 

‘accumulate w plating of silver, evidenced by & wreylsh metalic sheet. This cat be 

moved by treat the spools it srong nite ci about 1:1, flawed by 

water rinse. 


Irregilarly-Scheduled Jobs 
(1) On te occasion that a tank is emptied, i is immediately hosed oat oF, if noses 
sary, scrubbed clean. Water tanks ahould be frequently cleaned 1 remove 
laly bacterial deposits If they occur. 
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G@) Tanks which have tid volutions In thet for s considerable time shoulil be 
dumped ut the first 6pportunity and scrubbed cea, 


Labrication 
Discussion of lubrication is divided into three parts: (a) shaft bearings, (6) motor, 
Gd Seah Borie ‘Where a ball-bearing tk with the: freed 
@) er —Whore a ball-bearing must wo realest frestor, 
it is advised to oi sparingly with » good grade of machine oil (viscosity SAE. 10), 
Jet drain, and wipe off excess oi! thoroughly, If a ball-bearing ix under # greater 
Joad, & light cup grease! is recommended. It is considered neither necessary or 
otherwise desirable to lubricate the spool bearings anywhere in the machine. 
‘The spools in the elevator have ball-bearing inserts and, owing to the light load, never 
require oil. The upper spools in the processing sections have brushings of a special 
graphited rubber and are infended (o be lubricated by the processay solutions 
‘The spools in the drying cabinet huve Oilite bronze bushings and ure self-lubricating 
However, should any of these spools stick ar not tur freely, they should be dite 
‘mounted aod the bearing surfaces cleaned with keronene. 
The following isa lit of bearings which sbould be hbricaed directed every 
six months unless otherwise staed’ 
(1) The breakage indicator spools are on ball-beurings; oll at the plugs provided. 
Wipe off excess ol. 
@) The reel spindles are on ball-boarings; dismount the shafts And oll bearings 
lightly from the sides. 
G) The lower spool-bank shaft of the drying cabinet is supported an one side by 
Fafnie benrings; greavo wt the plug, if thoy ever need lubrication. 
(4) The polishing rollers in the drying cubinet are on bull-bearings; back off the 
nd-collars and oil sparingly from the side. Wipe of excess oll 
{5) The compensator whee! is on a Rufnic ball bearing; grease at the plug. 
(6) The sprocket wheel and chain drive of the spookbank hoist use both sleeve 
and Fafnir bearings. Grease the Fafnir bearings at the plug if they ever peed 
‘it, and oil the sleeve bearings. ‘This need not be done more than once every 
year or twa. 
(7) The hoist chins should be wiped with) an oily rag ‘occasionally to prevent. rust, 
‘This should nlso be dooe to the chain suspension of the élevitor. 
plug. 











(8) ‘The Fafnir bearings of the muin drive sft ure wo be greased i 

(9) The several universal couplings are to be wiled sparingly and checked for excess. 
‘The other couplings are chilly of the three-prong insert type and should 
not be lubricated, 


(+) Motors.—Either grease or oil Is required, as indicated by’ the manufhetiress 
‘The frequency of lubriition is very variable, as will be noted, The manufacturers 
fare very emphatic in Warning against over-ubrication, 

(1) In the cise of the Varidrive (speed range 2 1, 220 10 440 volts, type Vi 
Serial 427,156, 3-phuse, 900-1,800 1.p.m.), the supplier is 30 specific i 
‘fecoomentations that itis ave to use only U.S. Viecogris No.1, Lutricute 
WL the several points noted on the aitiched motor plate every month. One 
of the motor bearings ix a Lubritih,"” which is greased at the top of the 
bearing (location 1) ufter removing the hottony drain plug. After expelling the 
Old grease with the new, allow the motor to nn a few minutes before replacing 
Grain plug. The company advises that it is important to run the Varideive 
Over its complete speed range at least three times a week. The Varibelt and 
Varidics re to be kept clean of lubricant; wherefore, after greasing, wipe any 











© Such ws Andax B, Colonial, 
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‘excess from shaftings. 1 i advised 10 contact and contract ith the loval US. 
Electrical Motors office for regular inspection and mauintenance of this unit: 
{@) The speed controller motor attached to the Vuridrive is to be oiled every aie 
months with n few drops of motor oll (S.A. 10) atthe ell tube provided. 

(9) The GLE, Tachometer Generator (Type BC, 50 vols) 8 10 be greased at both 

bearings every month, 

(4) The tWo holst motors (G.E. Type K, 20 volts, Model SK43, AC 5396) are to be 
‘lled every year with a few drops OF motor oil,.‘The toad et these motors is 
Jntermitent. 

(€) Geir Boxes—The several gear cases ure 10 te lubricated with either oll oF 
grease ta provided by the design, ‘The grease shall be alight cup gredse.! ‘The oll 
‘hath be a steam cylinder oll which contains $ per ceat, of tallow.*: The oil level is 
{0 be muistalned at the levels indicated on the individual cases and not exceeded: 
In general a slight temperate rise inthe oll ctses ls permissible; excessive temperae 
tures fndate a misalignment or over-lubrication, After one month of operation, 
the oll cases should be drained and refilled with fre oll; this iy repeated every yea 
{heteafler The several «russe cases should at the same time be regressed, expelling 
lis much ld grease as possible. f, of course, there iy reason to think she ol evel 
‘may have dropped in the oll cases, or the quantity of grease become scanty in the 
Diher cases, aM Inspection should show whether additional Tubricunt i required 
inthe interim, ‘The several points of hubrication are niow Nemized: 

(() The twenty-aix snitre gear boxes at the spook-banks (under main aluminivm 
frame) are sparingly greased through the lirge pgs in Une reas frame, ‘Never 
‘Ovetoprease tod never lute ail li these cises. OF course, the lower gear boxes 
‘98 the spookbanks are never oiled of greased. 

(2 The Cleveland Worm Gear (at the Varidrive oulpu) (size 20 RT, Series 26, 
1750 rp, ratio 18 t0 1) ie enclosed in un oi) cise, Refill at the plug. A 
sip pan is built under this unit 

(4) The four Boston spiral mnitres on the main drive (Cat, Nov RESP) are in 
‘oll eases, Refill atthe plu, 

(4) ‘The to Boston reduction gears which are Integral with the holst motors are in 
‘il cases. Since the duty of these units is 30 infrequent, It sees necessary merely 
{0.check the oll level yearly. Therefore, eliminate the oi changes advised for 
the other cites. 

(5) Three special pear boxes are built oui the three hessgonal shafts. Crease 
eae plug. The hexagonal shafts are to be wiped clean and regreased at this, 











(©) fou mt gone en th dy enbnet re greased by removing the 
top plate. 

(1) At the wind-up the niltre aad Uhe bevel reduction our boxes are: 10 be greased 
At the plugs and removable plates. 

{n general, after the first month of machine operation, the operators should go 
Covet the whole assembly to tighten all fastenings, including those on the gear eaves. 
‘An exception to this is the packing glands of the year cases, whicl should be set 
fn only a litle more than handetight if required to prevent eakone. 

“The maintenance of the Nash Air Conyprestor, the Pemmtit water Hiter, and the 
Ryant Silica Gel Dehydrator is to be found in the instructions issued by these 
suppliers, 

VIII, Safety Considerations 

tn the design and engineering of Machine 4©, much thought has been siven toward 

the prevention of potential hazards to tbe machine operators. No luring shaft 


© Such as No, 2 Castrollut, Colonial. 
* Such as Cylesso T-140, Coto. 
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dus aay projecting art which would be liable 10 catch, Toose <lotbing, Guards 
land steel aprons have becn installed wherever feasible on moving parts, Notwith- 
‘standing these precautions instructions should be issued to those npeeatorn working 
with the machinery to observe reasonable caution, 

‘Contact with any turning shaft should be avoided, When about to raise u¢ Jower 
the main frames by the automatic hoist, all operators should be warned to stand 
completely clear of the machine. No one should stind on the tanks for servicing 
the spool-banks; stunding stools are provided for this work. 

Wheo using acid for cleaning, goggles must be worn, Flbow-length rubber gaunt 
Jets should be available to- protect the arms, A hose should be kept running near 
‘the acid tanks at all times iu the event of accidemal spilling on the operators, 

{In general, the operators should be well trained in the function ofall electrical 
Equipment and ayitches, but no one, except electricians, should be jpermitiod 19 
Work on the electrical installations, which, in some eases, tarry 220 volte, 

All operators should be informed that the colour developer can cause dermatitls 
‘20 contact if the individual happens to be allengic. It ix therefove best to avoid 
lunpecessary contact and, when comact necessarily occurs, to rinse the hands us 
Soon as possible thereafter In 1 per cent. acetic acid followed by comsidorable eold 
water.) Volatile substances given off by the colour developer are to be reinoved 
bby « foreed-air vent over the colour tank, Whea the machine is not in production, 
4 rubber blanket may be spread over the main spool-bunk frame immediately 
above the colour tank und between the crossover spools. This will help to proves 
discoloration of the willl surfaces in the vicinity, 





Complete instructions for preventing dermatitis riay be objained from Ansco 
land should be posted in exch colour-developing room. 
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SURVEY OF LG. FARBEN PATENTS DEALING 
WITH THE QUESTION OF THE ANTI-DIFFUSION 
PROPERTIES OF COLOUR-FORMERS UNTIL 1939 


WHE general idea of all 1.G. patents is to find a group of such a chemical structure, 

wane acre eae a ea ereta 

pee np dafermprenbarepmy gets 

‘can be said these groups are of a high molecular weight and consist of long aliphatic 
chains or cycles. 

i Se matiaon bped AaB.dUm Woe let 
‘of @ very general character, only claiming all groups which, if introduced into the 
coupler molecule, imparts anti-diffusion properties. Examples are numerous, taken 
from most families of compounds in organic chemistty, such as aphthoyl, tri- 
phthalic, stilbene, etc. The validity of such a patent ts, of course, very dubious, 
because of its general character. In fact, if it had been valid, no other patents, could 
Ee ie a eee a Ce ee 

‘This patent is followed after an interval of six months by w specification which 
‘could be regarded as the parent for all future patents taken out to this effect by 
1G, Farben. Namely, in B.P, 465,823 (May 1937) there is claimed a dyestufl 
former containing a substituent comprising un aliphatic carbon chain of more than 3 
carbon atoms. Stearic acid, given us an example, ls said to give complete anti- 
‘diffusion (@ the coupler containing it, during the application of further layers oF 
‘during the development of the finished multi-layer photographic material. The long 
‘chain can be Introduced by acylation of an oxy group present in the dye former or by 
‘the union of fatty acid chloride to an amino group in a solution of tine, “The 
‘manufacture of colour-formers having such a long chain attached directly to this 
motecule is described in B.P. $02,665, 

Sea png SO cf no ig uly ele, 
such as 8 sulpho group, thus giving certain advantages. In this way @ coupler is 
‘obtained which, while being soluble in water, retains the affinity to gelatine and $0 
prevents diffusion from such « k A sulpho group can be directly introduced into 
‘The coupler or into the aliphatic chain. In the latter case a former ‘is reacted with an 
unsaturated fatty wcid residue which lends itvelf easily to sulphonation, 

"The idea of the whole patent is best summed up x3 follows:—* By the combination 
‘ofa carbon chain of mare than $ carbon atoms with a group imparting solubility in 
‘water It becomes possible to render or keep soluble in water the ‘dyestuff former 
which is to be uted and at the same tine to impart to it the property of rendering: 
fixation to the photographic emulsion layer. ‘By reason of these two properties it 
‘becomes postible to obtain a multilayer material which does not suffer from any 
disadvantages of the wandering of dyes from one layer to another."* 

"There is given as a specific example a multilayer miterial consisting of three layers 
‘each contiining a different colour-former, namely:— 

1. Tedecyl 1-oxy 2-naphthoyl amine 

OH 


a 


; CO CONHICHACH, 
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2 Anpstearylaminophesy!) 3 methyl S-pyrzolone 
NHLCOC Hy 
CHi-COs,_ 
cH-cH=N~  —~ 
3. dooinpliming sceti: acid paisidide 
CRICHY,CO.CH.CO NHC OCH, ; the structure oF this compound + 


luncertain as the name given is open to different interpretations, 
‘Other examples fexturing ¢ carbon chain of more than $ carhon atoms are:— 


‘Plauryl aminobenzoyhicetanilide 
CH/CH),CONHE YCO.CH.CONH, 
‘nstcarytaminobenzoylacetanilite rearbonylic eld 


—CO.CH. CON Coon 
CHgCO. NHC — 





Examples combining both Jug chain and lpho group are:— 
1 G-sulphopheny!) 3+4-stearylaminonhenyl) Spyraztone 
‘Himateatylaminopiteny!) methyl Sepyevzotone (aulphonatod) 
CH=CH = NV 7 \S0H 
SNe 
l- C0 





\_ANHCOG Hy, 
7-Oleic wulpho amine Selby! Spyexaalone 


CH,~ CHeN i 


Dyed DNH.COLCH CH SO;CHYCH ACH, 
007 ‘, 


pSulphotearylamine bencoy acetanilide 

CoHwiSOHCO.NH >CO.CH, CON 

Scaproylamino L-onynaphthalene 
CH(CH),CO.NH— 









On 


| PN steary 4NU-ony 2-naphuhoyliphenylenediamine (oalpionated) 
On 


SNH-COKAt, 





The next application, BLP. 479,834 (Feb, 1938), deals with highly polymeric car 
bowylc neids and in tact, an extension to te prince ofthe peties Pacer 
They are completaty water soluble compounds anid can therefore easly be distributed 
in the gelatine, It would appear that the substantivity is due to the existence of the 
‘coupler in the photographic ayer in the form of a colloidal solution. 
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Suitable highly polymeric carborgtic substances are — 

Polyglucoronio acids [CHO(CH OH), COOH 

Protein aming acids, 

Foly-vinybearboxvlic acids. e.g, polyacrsti acid, mined polymeriiates with 
styrene, vinyl chloride oF vinyl ethers. 

Polyinertites of maleic acid. 

Polymersates of fumaric acid. 

olymerisates of methylene maloni acid and mixed polymeristes ofthe lst three 
nnansed acids with vinyl compounds 

High niolecular weight wompouinds from moleic acid anhydride or acetylene 
carboxylic acids prepared according to Diels Alder. ‘These polycarbaylie acids are 
‘atiped to react in form of their acid chlorides, anhyidrides or esters with reactive 
{groups attached to the colour former, 

‘A condensation product from pokyviny! maleic acid anbydride and mraminiopbenot 
ot respectively Sinethy! I-pheniyl Spyrazolone would be 


(CH- CH- CH- CH), 


NIA 
\“ 
on 
(an cH cH cH, my 
Hoot do- NHS, 
12> 
Ls 
Oo Wim =ictty 


Another modification of the principle of the Joug carbon. chain is given in BP. 
43,000 (Apeit 1938), which deals exclusively wih carbohydrates as groups suitable 
for imparting the desired fusiness to ths ennalshon. Several ways ure described how to 
{introduce such molecules tothe colour components 


(by estertyins or etberitying the carboxy jroup of the carbohydrate with the 


coupler, 
Gi) by the acide-umide combiaiation, 

Gii) by forming a Schif's base, This method has not been mentioned before and 
iy probably used for such carbohydrates already containing a keto) or 
aldehyde group. 

“The point is made that in choosing & earbohydrate, care should be taken (0 Use one: 
which fx soluble in water or expable of swelling in it, cellulose ethers, as dex 
setibed in D.R.P. 363,192. 

“This specification mentions for the first time the ne of sodium salts of the described 
colour formers, which ure said to be soluble in HO und fon this reason to be easy to 
fncorporate in the emulsion. Another remarkable feature is thut a very heavy 
‘earbo-chain can be introduced ia two stuges by combining (wo carbohydrates together 
‘aronly one exrbohydrate with another similar long chain molecule. ‘The following two 
‘examples will give @ good istration of what ts meant. 

Into the coupler # yhichmine is introduced, which by itself would not make the 
compound fast to diffusion, This ts then treated with a poly ethytenitmine. On the 
other hand, « hydroxy! group af the carbohydrate can be esterilled with a fatty ct 
OF 4 carbohydrate such us starch, dextrose or augar, is treated with ethylene oxide 
according to D.R.P, 368,413. All the exzimples of colour-formers mentioned give 
blue-green, auch as derivatives of a-axynaphthoic chlorides. 
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he nent specification, BLP. 488,698 (May 1934), is rather similar to tse previous. 

Glsimed are Polypeptides, and the importance of this specification lies probably in 

{the use of gelatine or its degradation product us at! anti-iffision group. As in the 

‘Previous patent, the couplery given as examples of this claim for combination ‘with 

colloids give blue-greens. 

poate cite largely comprises gelatine and its desrodation proct, albumens and 
rones. 

(OF 4 different charmoter is BLP. 489,093 as it does not go buck to B.P, 465,823 
Where aliphatic ¢chaitt comisting of more than 5 carbon atoms was claimed. ‘The 
‘sntiiffuslon properties of the compounds ia this new specification, the sterols, are 
probably duc to their high molecular weight and complenity of structure. In the 
‘Scope of this patent fall, Cholesterol, Bile acids, Chole acids, ete. Utis sald that these 
‘roUups, besides rendering the coupler fas to diffusion, have a favouttuble elect On the 
Photographic ennulsion by influencing the aurfice tenslon and enabling a better Bow 
Ft emo i 

While in the former patents it has been proposed to make dyestull components 
{ast to difusion by introducing a sutable group of aliphutic chain or eyelic character, 
there are claimed in HP. 489,161 (July 1938) colour-formers having a chali-fermed 
‘molecule in which the residue of « dyestulf component occurs ax a co} 

{Broup several times periodically. Of the colour-formers expectally 
‘which are derivatives of benzene or naphthalene, having in para position to a hydroxy 
‘group either no substituent at all or a negative substituent such ts, for Instance, 





and formaldehyde thers are produced polydiphenyl-methane derivatives. which 
‘contain the residue of the dyestulf component several times: according to the size of 
se 
‘The colour-formers thus obtained have the adyantaye that they possess a higher 
degree of dyeing eapacity thin have other coloursformers, since here the molectle 
‘has several positions for coupling components. It is further claimed that in this 
Leuba! ail the colours of the spectrum may be obtained, particularly the darker 
me 
‘Chaim 1 of the specification specifies colour-former having a chain formied }motecile 
i i ln aca etm 
several times periodically. ‘This claim is of a rather wide scale and probably the 
ee et ~ 
Leh re tn hn fr i ng tain 
BLP. 489,164 (July 1938) ditfers from the previous ones, is no such groups claimed 
‘and. has as its Object the protection of a class of coloursformers into. which can be 
‘easily introduced a group giving the desired properties, hose groups as specified 
{in the previous applicath Another novelty is the first attempted definition of the 
erm fast to diffusion ** which, according to this xpecificatian, is to be understood 
that when a dye coupler is added in the form of a solution or a dispersion to Uke 
Photographic emulsion, it cannot be removed from a layer prepared with that 


‘persion medium which normal dissolves or disperses the coupler. 

caied ne stated amides 9 moni acs where 
both —CO— groups of the malonic acid can be ittached to the nitrogen atom of 
‘one only, and the other —CO— group may be part of a carboxylic acid, ester OF 
amide, ‘to mention that Reindorp of Ilford Limited claims, 
i onmula 

















NHLCO.CH.CO, OG ® 
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‘which, as can be seeo, is alreidy included in the claim ofthis specification, There are 
‘only three examples given, namely>— 


(0). ©» NH. CO, CH, CO (CH), CH, 
(ip CH, (Cj. <> NH-CO. CH, CO. NH <> coor 
(ity <-> Nit. C0. Cx, €0. ><> 


‘Most of these anilides are sald to be insoluble and some group should be Intro 
iduiced, sush as wlpho oF earboey, to impart solubility to water, 

“High molecular weight constituents are claimed again in B.P. 489,274 (July 1938), 
being natural resins oF conversion products of them, which are said to give the 
desired fisiness to diffusion, These substances must contain j reactive group, for 
Instance, garboxylic or hydroxyl, with the wid of which it can be caused fo exter into 
chemical reaction with the colousformer. Suitable resinous products are described 
in Bull, Soc. Chim, (4), 29, 727; Archiv, Pharm, 282, 341; 259, 1; Munatshefte, 39, 
95, 219, 627; 40, 2775 dt 437. 

‘As a special example abietic acid has been mentioned. 

‘The following two specifications, BLP. 491,958 and 492,959 (Sept. 198), are very 
similar to each other and deal, ws the previous one, with groups conferring antl: 
diffusion properties. New ia the statement that it may be of advantage to combine 
‘oh ope coloue-former molecule two components of high molecular weight of different 
‘kinds as disclosed in previous patents, 

“The components clalried in BLP. 491,959 are residues or derivatives of the eyclic 
‘menthave group as described in Richter, 1h edition, Vol. 1, pp. 48-9, and L.C.S, 
G, 1401. The whole of B.P. 491,955 protects residues which do not belong to the 
‘yclic menthune series but which contain ut least (wo rings directly attached to one 
Seer Of hla last one tng Rrtropnaed, ‘Examples mentioned in BP, 





on 


CH ——-co. NH (> 00, CH. CO, NH <> COOH. 


i orc 
) NH <> CO, CH, CO, NH <> COOH. 
cH, 


coco 
cu ¢en, | 


ue 


aed 








and in BLP. 491,958 
cH cH, 
CH,.CO. NHC CH 5 
Deo ce 9 Dn Se 
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Chi, 
wa ne 
New AH, — CH, CH, ~ CH, 
My Cy JOB Clg. 
.CO.CHC CH ~ CHy CH 
MT OH? Neu - ca, 


backe-and-white reversal development. 

According to the specification, 1 multilayer film having lncorporated in each 
Giulslon layer @ colour component fist to difuston t exposed and developed in 
Getsloper such us Amita, which i not capable of forming w colour with the couplers 
{he siler is then bleached out and the residue halide fogged. ‘The latent image i hea 
Hansfonmed into colour positives simultaneously in all the ayers by colour develony 
‘ment and the deposited silver is then renioved. 

"This patent fs the nctaul fundamental basis of the Axfacolor process, 


APPENDIX 4 


SURVEY OF KODAK AND RELATED PATENTS 
DEALING WITH THE PROBLEM OF THE 
ANTLDIFFUSION PROPERTIES OF COLOUR- 
FORMERS UNTIL MARCH 1942 


EFORE proceeding with an individual study of those patents dealin exclu 
sively with antidiffusion properties of coloursformers In photographic 
arate A mh be worth while to deat fst with «patent of «mone genera 
‘huracter.| 
BAP $03,752 (Apeil 1939). ‘This is one of the most remarkable patents in colour 
Photography ever applied for. Of forty-two pages, containing thitty-five claims, 
‘Twenty-seven pages in tabular form are filled with the names of chernicals suitable 
cite as couples i healer ae intermediates fr thee nreparition. The ret 
Of The specification consists of a comprehensive treatise on colour photography 
|, hawever, is in 4 somewhat confused style 
From the wealth of information dispersed throughout some Is’ certaily: worth, 
‘mentioning as it gives useful hints on anti-diflision and colour coupling tn general 
‘The tathor interesting statement iy made, that (is not easy to produce a brillant 
Jeman yellow component image in the upper layer with acetoncedic derivatives, since 
these dorivutives couple quickly enough only in the yesence of lunge amounts af 
alkall and the coupler, therefore, niust be present in large excess tt onder to yi i 
‘good Honige; such conditions ure actually idea! for increasing the diffusion ‘of w 
solourformer. It is therefore proposed to use u developer which gives a yellow 
‘colour by uinest oxidation simultaneously with reduction of the developable silver 
salts (o sliver, such as amino sym mm-Xylens! 
on 


ages 


‘The actual discovery made by the applicants was, vhat while ft was known that a0 
‘component, in un insoluble form, were able to couple, under vigorous conditions, 10 
five a20 dyes, it wi now found that indamine or azomethine dye formation ould 
‘ak plice uting an insoluble coupler jn a photographic layer Accordingly, there Is 
claimed i process ofa multilayer photographic material using imoluble * colour 








couplers. 

‘The novelty und justification of such a clan fy questionable. Pct, in his 
criginal paper, inthe Zeitschrift fir wisxenschafiche Photography, has nready 
ointed out that It would be neccimary to have imoluble coupler in a. tink 
terial fo provent the diftsion of the oemer from one layer to anther. Pasther- 
‘ote, fon early patent of Asta, WP. 465,823, is claimed insoluble compounds 
‘ontiining fong chain uliphatic groups wiving antiiuston, as well ax those which 
Ste specially. made water and developer soluble. 

‘The definition given for the tem " insoluble,” which is inckided in the claien, is 
father unusual, * Insoluble as defined in this specification means thatthe coupler 
‘i-n0t more soluble than the most soluble of the Following:— 

‘Toi e-naphthot tise, 

a Ntphibot 2-carhoxyic aid «(or §)-aaplthylamide, 

= Naphthol 4benzoy! Ketone and the hydrazone ofthe eit nied, 
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‘This definition, experience shows, 8 open to criticism, 
Statements of interest appearing in the specification concem couplers in general 
and their wes. It i stated that coupling components containing w sulphoaic 
‘sid or carboxylic group have strong substantivity 10 gelatine. On the other hand, 
aromatic hydroxyl and ack! methylene groups da not confer wipon the coupling 
components containing them, adequate affinity for gelatine on account of their 
extremely wenk cid chiracter, Halogenation brings about a ceriain affinity to 
gelatine only in very high molecular weight coupling components, Similarly, the 
mubstantivity of aliphatic, isosycic or heterocyclic compounds containing the 
acid methylene srotip, is increased by the introdastion of bromine into the methylene 
sup, oro itn group note meas, Gia 
‘hon-ditfusibility of coupling components Is determined, avcordingt9 , 
solely by the enlargement ofthe molecule nnd the resulting bighly colloidal character. 
However, such 1 statement would appear too generalized, as some typically high 
‘molecular and highly colloidal azo dyes do dilfuse, some even. in spite of thee 
sulphonic acid group. 

In the ease of s-taphthol and its 2 and 3 substitution products, a halogen, sulpho 
‘or carboxy sroup in the 4 position, is displaced in coupling development. Only if 
the 4 position is oscupled ky a nontisslaceable residue puch as alkyl try or aryla- 
mine, does coupling take place In the 2 position, and any halogen, sulptio ot car- 
‘roxylic yeoup in the 2 postion it likewise displaced, ‘The displacement of the acid 
falicals in the 4 position makes it possible to obtain completely insoluble indophenols 
fox» coupling components which are beld substantively by the gelatino 

‘Another feature of this specification is the ine of precipitating agente i the 
{Guin spe conde dooce wh opacities 

1 coupling ‘which is prepared sith a , 
inmipes, polyethylenamines or gutnidines; while calms 9, 10 and 11 claim coupling 
‘components which consist of insoluble salts formed by the reaction betwoen 9 high 
molecular weight coupling component of acid chiracter, and. u high molecular 
\welaht onginic nitrogen base. Chien 10 isa specific example thereof, elairang alt 
‘of sulphone acid derived front s-riaphthot with quinine, einchomise, dipheny 








1 
OF the twenty-seven pages of tabulated chemical naines it sufficient (o say that 
they comprise a fhitly complete Index ofall the known families of aromatic organi: 
shentstry. Tables J, TL and 11 give easly prepared monovalent and polyvulent 
coupling compounds suitable for carrying out the invention. Table TV gives 
examples of high molecular coupling components snd indicates their method of 
Preparation from simpler coupling components. ‘Table ¥ gives examples of oolour 
Souplers which are made by gondensing slmpler components with high polymer 
compen, 

‘The validity of such a broad gatent is very questionable nnd one might wonder 
for what reason it was filed by Schinzel for Kodak Limited. This specification bs 
followed by number ef patents whic have ben divide! ou, namely, HP. $03,814- 

hisve. 

BLP. 503,823 (Apeil 1929) s similar to the Agfa specification BP. 479,83% which 

1 compound fist to difusion, obtained by reacting u known coloue-former 
‘with & highly polymeric carbaxylic ncid, ot with » mixed polymeriaate. Colsar- 
formem which fall under the scope of this pavent and which are fast to diffusion are 
‘obtained by condensing two or miore molecules of a campound containing a coupling 
function with an aliphatic colloids! polyhydroxy compound wich as a carbohydrate 
(Gee BLP. 483,000, 1.G. Farben), for example, polyamylose, or a polyhydroxy com- 
ound such 9s cellalose (see BP. 443,000, 1.G. Farben), or a partially acylated 
Scellulove or 4 polyvinyl alcohol (eee B.P. 479,838, LG, Farben). Alternatively, the 
couling component may be oblained by combining two or more molecules of & 
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compound containing a goupting function snd « polymerized compound such 28 one 
produced by polymerizing phenol (sce B.P. 489,161, LG. Farben). A coupling com 
‘ponent, aa claimed in this specification, can also be obtained by a similar combination 
with polyamines (see B.P. 484,698) or polymerisable hydroxy compounds, 

BLP. 503,825 and 503,826 (April 1939). Roth specifications ure patents of addition 
to BLP. $03,752. Both dest! with colour-formers which are insoluble as defined in the 
latter patent and which are, therefore, said to be fast to diffusion, The compounds 
claimed are not new, but there is a possible novelty in their molecular structure. 

‘The first, B.P. $03,825, deals with colour components which have two different 
coupling functions in one molecule, ‘This is best Hlustruted by three examples: — 


on 
an, €0, CH, CO. CH, 





ol 
NH. SO, 16 p80. NH 

‘The antidifision propesties of these compounds is probably due to uber low 
solubility, and (0 the formation of large dye molecules, the frst (wo of the examples 
<oupling with two moles and the thi with Uhree moles of the developer, ‘The hue 
‘obtained from suck colour-formers containing mixed coupling functions would be of 
‘otne interest. However, no reference to this occurs in the npeciticaon 

BLP, $03,826 ie vmllar to the foregoing in that it docs not disclose any new colour 
coapler, hot with the difference that it claims part of the formar to consist of w dye 
‘nolecule or & Iguvo derivative. In this ease tho final dye ix componed of the dye 
roel and alo ofthe dye formed by coupling. By the races of colour devel 
‘mht the Jndamine formed t insoluble in caustic alkali, while the unchanged coupling 
component it removed by it 

“The process is essentially that of elimination coupling devcribod in BP, $03,824 
which uses « coupling 9 insoluble inthe alka used forthe developer and 
Temoving the developer soluble coupling product. The resktusl component is then, 
‘oniverted into a coloured image, 

‘With BP. $05,834 (May 1939), by M. Martioce, a new series of specifications 
Abeueil by Kodak is started AS all these patents are based on that of Martinez it is 
hnacessary 10 describe it here in mare deta. 
ee erasers pas no iden inh aintin of oopforis 

fe layers In all previous colourrformers were 

‘aimed which have been made fast to diffusion by combining ther with an organic 

‘sie of high molecular weight. Te BLP. 489,274 vosh a resitno, which in this case 

ia natural or synthetic resin, ia described, According to B.P, 305,834 the colour 

Tormer is xed in position by means of nituril or artis (syahets) resin or gum 
fesin such ax eolopboay, gum dammar or yum saadarach which is not 
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‘combined, but united with it in « purely physical way, "The invention may be carriod 
‘out by forming « solution of a ses. and colourformer In 8 common solvent und 
‘precipitating therefrom i mixture of resin Gnd colourermer in intimate physical 
‘association with euch other "but nut combined. 

‘The mixture of the colbarformet and resin tity be precipitated directly into & 
sensitive emulsion of into getatine alone or other suitable collok solution, and sb 
seaqucnily incorporates i» vensitive emalsion. I claimed that resin and colour 
Formers are suspended in the emulsion in a fine discrete dispersion af partisies ln 
‘ec of whichis present both rein and eoloussformer 

‘The invention is based on the suppotition that sci u colourformer, being in 
Jtimate physical astociation with a resin, resists the action of the developer an 
thus is prevented from migrating to other layers, but bs not prevented from colour 
‘coupling with the oxidation products of the developer acting on developable silver 
halide grains adjacent to the coupler-resin particle 

‘This principle of dye fixation has now been tuken up by Kodak, who, ax stated, 
fhave issued a large numberof specifications based on this principe, The first of such 
Patents is BLP. $24,184 (July 1940) (Kodak). There is no dillorence in prisciphe 
between the foregoing Murtines specification nu the Kodak one. However, it 
‘ems that Kodak have not only taken uy the ides but Have also worked out the 
Dractical application and so carried the invention a step forward. 

‘he invention consist, aecording to Kodak, i providing & method of making & 
sesultive colour photographie element which comprises on w single Support, ane oF 
‘hore layers consisting of diferentially coloursenstined emulsion of silver halides 
containing « colour couplet i" waterintolibie, Water-permeable * hinder. The 
‘water-insoluble, waterspermeable binder may be a cellulose exter such ak cellulose 
nitrate of acetate. Other binders which cat be used, are natural rene such ws Sum 
Ansa, kum daimmar, gum sandatach, oF synthetic reste such ws polyytyrenes, 
polymethylucrylates, polyvinyl ncelate ot coumarone-indene resin 

‘By replacing the term '* waterintoluble, witer-permeable" by * eolour-ormers 
{in intimate physical contact with one ofthe bindery,” there is no noticeable difference 
‘between this and the Martinez specification. The any novelty left for Kodak to 
lain is the coinage ofthe term” water insoluble, water permeable binder, 

“Tho best resus are sald to be oblained by wing waterimmicible solvent, a the 
tise of water-misible solyent, suchas Jower nkoho) (0 asaat io the Incorponition.. 
induces crystallization oF wandering of the colour couplers, and also by usine 
formers which ure more soluble than 1:4di(benzoylacetamino)beritene but ess 
soluble than 2:t-tichloro S:benzoytimino Ienaphibel, in at aqueous solution min 
{ined at between pH &S-pHt 11. 

‘Ani interesting point i mule with regned to the ditculty of penetration by the 
developer into binders, especially cellulosic binders, Which is that a "porosity 
odie" ean te incorporated in the binder. The examples quoted re usually 
‘known us plasticizer of high boiling solvents for exlalose eters. 

‘There are two patents of addition to this one, H.P, $24,554 nnd $24,535, The fit 
claims the use of tiyers containing the binder ln association with eoloursformers, tht 
the scan the wae of waterpermeable elute detvalives In particular, a8 biog 
‘materia 

‘A new idea ix brought into the problem of anthtifision in B.P. 530,685 (Dee. 1940) 

1K fas been fouid that calour couplers show very much lest tendency to waned 
tn ucid solutions than in alkidine, and that ifthe emulsions containing them are 30 
Prepared, coated ind processed that they are never mubjected to fiquid baths other 
than those which ure of tn acid character until the coupling development has taken 
lice, those colour couplers which will diffuse undor alkuline conditions cat ever- 
theless be used without undue diffision taking place. Preferably the emulsion 8 
‘maintained below pH 6-5, most destably below pH S'S during incorporation, coatings 
anu peelininary processing: 
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An acid developer formula would be, as given by the specification; — 
eDiethylamine phenylendiamine HC). 
Scstium bisulphite sy. 
Potassium bromide 1). 
Water to makeup to 62 i 

‘The fi is imtnerse in the wcid solntion just ony enough to wet it thoroughly, 
‘one minute being sufficient, und ls then eaposed for 3 minutes 16 amiponin vapour, 
‘When colour development fakes place. The film is then washed in w liquid of sul 
<lently low pH value to avoid further colour development. 

‘kis necessary to inchide in this survey of patents taken out by Kodak Limited, a 
ppateat which hay boss granted to Eliot and Sons, of Barnet, In pateat of addition 
BLP, $36,329 (May 1941), to BAP. $05,434 of Martine, the resins solected for use are 
the resinous reaction products of polybisle scids and polyhydrc alcohol, variously 
described xs phthalate or alkyu resins wid tlso known under the registered trade 
mark of" Clypiala"and"*Paralacs” Salts of uch resins are not included in the lain. 

ti stated that by employing such resis the depth and brilliance of the oolout 
iimage is Improved. ‘The Inventors do not claim the fixation of the colour-former it 
Ue binder (exe, gelatine), but by caret wording sate thatthe difision of the colour 
former is minimized to such a degree that it is possible to develop, in one and the 
same developer, layers containing different colourformers without obtaininyy de= 
raded colour imiges. “Tho eximples of uses given are similar to those of the 
Martine patent, 

“Another Kodak patent ronning clove to One of Agfa's ls BLM, $87,256 (June 1941), 

In BLP, 484,698, issued to 1.G. Farben, colour-formers are clainied which have 
been mide fist 10 diffusion by the introduction of one ot more polypeptide ar 
protein: residues. In the exunples given, gelatine has been sirgled out as being 
expecially usefil and advantageous. 

‘th BP. $37,256 Kodak was allowed, by changing in some way the ubove lala, (0 
ustily the filing OF this specification. ‘The clainy as, put forwand by Kodak reuds: 
+" photographic material having at Teast one coating containing as hinder 
‘arganic carboxyl or sulphonyl derivative of a protein which derivative dissolves In 
#0 to give a solution which wll wel on mere cooling” 

‘The only ditfeetice between that clin and the Agfa one is that the Kodak: chim 

postibly even more general 

‘However, a ditfersnce inthe pteptration of such couplers (B.P, $37,256) is Uicloved. 
{n the preamble, While Agfa, before it combined its coupler with the welatine, bolle 
the walatine for one hour with cone. este ucid and wo degraded It, Kodak managed 
10 combine the coloarformer witliout desradation of the gelatin, but by m very 
‘complicated procedure. ‘The degradation effected by Aufa is aparently not for the 
Purpose of obtaining more suitable protein bit to effect the combination of color 
Format and protein it an easy manner, 

BAP. 538914 (Ang. 1941). While there are described und known nuierous colour 
‘couplers containing the grouping —NH—OO— it has been found, according to the 
Jnventors, that the grouping —NH—CO— can be made more resistant to diffusion 
‘by replacing the bydrogen atom on the amide nitrogen atom by s monovalent organic 
grbup not containing solubiliing xroups, ean alkst or aralkyl, particularly & 
benryl group, ‘The explanation offered fs thatthe hydrogen attached to the amide 
nitrogen toma appears somewhat ionizable, while by replacing Ik with any organ: 
‘alc no jonization could take place. 1s sil hard to see that u rea dlference in 
anti-diffusion properties could exist between the two compounds>— 

OH 


OS Ere oa e® 


cH, 
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However, looking through the examples, one will observe that the hydrogea is 
usualy sibitiuted by groups which by ibemaselves are said to impart antiediffsion 
‘Properties and ace ciaimed by LG. Farben in BP. 465,823. (Carbon chains consisting 
‘of five or more cubon atoms.) 

‘The claim is restricted 10 the Jerivatives of I-nspbthol 2atboxjlic acid and 
S-naphthot +carboxylss acid. 

It may be advantageous to consider now a patent which does not actually concern 
itgeif with the anti-dtfusion properties of colour formers, but deals with the Ration 
‘of dye bodies in the emulsion. In BLP. 540,365 (Oct. 1941), the dye body is incor 
Ported in an auxiliary carrie which mast be substantially insoluble ia water 20d 
able 10 retain the dye body in a dissolved or dispersed condition. The mature and 
amount of the auaullary carrier may be such that the fine particles of solution or 
‘dispersion of the dye body therein are liquid particles or solids or what lt called a 
liquid solution.”” By the term ** liquid solation " probably is meant such erystal- 
line materials which are capable of dissolving solid dye bodies by becoming liquid ls 
that process. Such ausllary carriers described, may be termed oll formers. They are 
usually liquids at ordinary temperature or low melting solids, and the most useful of 
them contra one ot more polar groups suck us halogen atoms, yds carbonbe, 
amide or keto groups. 

Ii would be expected thal those sulisry carrier or oil formers would difer from 
the watersoluble, watecpemmeable binders in that the developer, or any other 
solution in which this crriceis insoluble, could not diffase through or affect the dye 
‘particle. But ope of the specified requirements of those carriers is stated to be pet 
‘mesbility to bat insolubllty in photographic processing solution, ‘The specication 
provides a list of substances which can be used as such auxiliary cariers. This ist 
is added to in patent of addition BLP. $40,525, 

BAP, $40,366 (Oct, 1941) deals exclusively with porosity modiliers 28 disclosed in 
BP. $24,154, {finches a list of suitable high boiling solvents and plasticizer which 
‘can be used for that purpose. 

8.P. $40,367 and 540,368 (Oct. 1941) are patents of ation to BLP. 524,154, and 
seal with the practical application of water-insoluble, water-permeable binders hut 
add nothing to what has siready been disclosed previously. 

‘A rathet ingenious ides forms the content of BLP. 540,563 (Oct. 1941). 

It is common knowledge that by treating gelatine with an aldehyde such as formal- 
dehyde the gelatine is hardened. “This is probably duc to = chemical reaction taking 
place similar to the formation of Schif’s bases. According to this inventlod a.com 
pound is incorporated in the emulsion, having O80 carboxy! groups (eg. dialde- 
hhydes, diketones) together with a colour-coupler having a free amino group. When 
such 3 coupler and the compound containing the carboxyl group are mixed with the 
‘emulsion, one ctrboxy| group of the sald compound reacts chemically with the amino 
‘group of the coupler aad the other cerboxy! group reacts withthe amino group of the 
Droteis (selatine), thus combining the coupler with il. The amino group of the 
‘coupler, which reacts, is preferably » primary amino group, but ther amines muy Be 
used. Glyosal, diacetyl of terephthaldchyde are suitable carboxy! compounds. 
Hardening of the geiatine alone by glyoxal docs not prevent diffusion of a couplet 
‘without a free amino group, 

Another dificulty encountered by wsing coloar-couplers associated with a water 
insoluble, water-permeable binder is dealt with in BLP. $41,589 (Dec. 1941). 

Processing baths sometimes do not act to = silent extent or sulicienty rapidly 
spon the colour-couplers dispersed; often very weak and sometimes no colour a ll 
is prosuced. It is known that dispered liquid coloar-formers of low solubility are 
‘more amenable ta processing baths than are solid particles of colour couplers. 
However, the umber of suck couplers is very sal 

‘The inventors ofthis patent have now found that Colour-couplers, which are solids 
tuner ordinary conditions, can be converted into liquids of oil consistency by the 
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Audition of certain thigh boiling organ compounds which are insoluble or only very 
‘lightly soluble in water and in the wet photographic eaualsion. n this way colour 
Couplers are nisintained in liquid solution in the emulaiga. (See BAP. $40,365.) 
‘Such organic compounds which are capable of Yorming liquid solutions wre termed 
“ ollformers.” In order to obtuin a good dispersion, emulsifying agents are 
suggested such a8" Gardinol " ewistered trade mark) ot Arctic Syntix T.” 

‘A very exhuustive list is supplied of colourcouplers suitable for use with the 
present invention, All 46 couplers which are suggested contain some grou, whieh 
has beew claimed, tn one or another specification, a imparting anti-ifusion 10 the 
‘colourcoupler molecule, ‘This suggests thal uhe nim-ifusion of the coupler ty other 
layers ib n0t so perfect si is claimed when dispersed in the described fishion, 

“The Interesting disclosure fs made, that j& numberof ofl formers posses the rather 
surprising property of causing a shift in the absorption of the dyes formed during 
solour development. 

Ibis necessary to consider ugtin « Martine patent, namely BLP, 543,606 (March 
1942), which follows directly on his last BP, 305.834 and which has become wubwe~ 
‘quently the parent patent for all the following applications clalming protective colour 
‘coupling processes, 

‘Apparently the localization of the colourormers by means of resins does aot 
completely solve the problem of iffused pictures. Ori closer examination each point 
of image ts represented by a circie enclosing the area of difusion,, The” localized '* 
‘particles apparently ure acted upon by oxidized developer difising into them {rom 
the outside, that is, from the various aver halide grains situated oll around them 
Ser some finite ares producing, therefore, cicte of image diffusion. 

‘Thisis achieved by the precipiation ofthe sliver salt inthe prosence of resin and ® 
Water solution. of the photographic binder much es, gelatine. Some substances, 
‘specially ifsoluble in aleobal ar other volatile solvents, may be admixed immediately 
aller the precipitation of the silver halide, before the resin particles are Fully formed, 
und thereby become incorporated during the growth inthe subsequent ripeuing. 

‘As far as novelty  conoemed tke patent is simply an * improvement " on his 
previous one. However, the specification contains a farge amount of useful do- 
scriptive examples, which are an application of both patents, 

BLP. 544,064 (March 1942), This is actually a patent of selection Crom BLP. 
524,453, even if not stated as sich. 

The coupler is dispersed in an aliline emulsion with polyviay! phihulste or 
celloge acetate phthalate. ‘These substances pear to have a high solvent action en 
the colour-former, which seems to cause them to become stromaly assoctated phiysl= 
sally but not combined chemically, and on count of theit own relative igh moles 
Jar weight they show lite tendency to difuse through tbe alkaline gelatine, although 
they are completely miscible with alkaline gelitine solutions. 

Eliot nu Sons, in B.P. 326,329, selocted special resins such as glyptals oF paralacs 
to obtain dispersion of colour-formers in the emulsion. 1 might be remembered 
that it was then specially potnted out la this report that salts af suck resins were not 
Jocluded in the invention. 

fn the patent ined to Kodak, BAP. S44,134 (March 1942), i is sated that the 
tendency of a dyestif or colourformer to diffuse cam be reduced by adding to the 
emulsion, while sill in liquid state (Le, before coating) a water-soluble salt of 
‘Fetin ofa water-insoluble meal salt ofa fexin. Te invention ean thus be carried out 
@) by adding a water-soluble salt of w resin (o the emulsion, (b) by adding a witer~ 
Jntoluble metal salt ofa resin tothe emulsion, a () by adding to the emulsion bots 
‘wlor-soluble salt of a resin and a water-soluble metal compound which will revet 
with the resin salt to form a water-insoluble resin salt, 

Tnvall thete three cases the result obtained fs probably the same as there is obtained, 
dispersed in the emulsion, a waist-moluble metal salt ofa sin. 

‘The rest salt can be one of a nstural oF synthetic retin, for instance, shellac, 
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collophoxy, gum mastic, dammar, sundartch, ow glyptil resin. to cade of u water- 
‘insoluble salt of resin, the following metal silts can be used; — 


Magnesium = Cadmium Cobalt 


Caleium Manganese Copper 
‘Strontium Bie Thorium 
Barium ‘Cerium 


Aluminmm ‘Nickel 


“AS It can be seen, the alkall metals such as Na, K and Li are not included in the 
Sint. The reason ean he found in the disclaimer given of BP. $41,558, ismied to Dis 
Pont in Dec. 1941, which claims the use of water-soluble salts of alkyd resins, 

Ina patent of addition BLP, $44,135 (March 1942), insoluble sills of resins are 
claimed besides those of certuin metals, 12, those of organic bases of camplen struc 
lure oF high molecular weight auch as quinine or cinchonine. A special. point is 
‘made that i is only the resin which forms an insoluble salt and not the dye-Forming 
cea 

More " water-insoluble, waterspermeable " binding agents are'claimed in BLP. 
‘$85,728 (Sept, 1943), They are hydrolyzed iatural resins, resin esters, eters or ether 
‘esters formed with organic of inoryanio acids or alcohols. ‘The hydrolyzed nstural 
Seains can be ted in the form of their salts, either water-soluble or water-insoluble. 
‘The invention does not, however, include the use of salts of hydrolyzed lacs. 

‘Amon the advantages claimed by the use of such substances are:— 

J; Formation of er dyperion tan the parent rs, 

2, Increased capacity for dissolving the dye-forming substance. 

3. Adjastment of the degroe of hydrolysis of the resin, by using suituble acids ot 

alcobols for esterification or etheritication, products of the refractive index 
‘of eintine can be obtained, thus cliniinating light scatter wid matte surfaces 
‘when gelitine is enmployed x the carrier. 


‘Specifications reviewed 
1G’s 458,400, 485,000 489,161 491,958 
465,823, AENORS —489;LH 491,950 

479,838 489,003 489.274 
Kodak's $03,752 S27493 540,368 544,004 


SODHIG-826 530,685 Sass HALT 
405, 336,309 40,563 441135 
$37,256 40,667 855,728 
SRO SHI, S8R 
SH0,368 $41,589. 
540,366 $83,606, 
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NOTES ON THE USE OF ANSCO COLOR CAMERA, 
FILM TYPE 735 


1. Colour Balance 
“Type 735 balanced for daylight quality Mlumination, /., for sunlight between 
two hours after sunrise and two hours before sunset, oF artiicial daylight 
sourées, such as the commonly used arc luinps of 5,400. colour temperature, 


1. Film Speed 
A. ASA Exposure Index No, 6 (Tentative). 


1B, Suggested ratings by the older Weston und GE. aystems: 


Weston 3 
GE. ne 


© When usin Ansew Color Daylight Cveversion Filter 10 om the caters lens, 
the wffoctive film speed ls reduced by two stops, It is suggested tht the 
‘conversion filter should be used.on both the exposure meter and the tens n 
‘order to read the effective illumination, 


TIL, Lens Filters Recommended 

‘Ax Anseo Conversion Filter 10. converts, 3,200°K, tungsten illumination to. 
daylight quality, : 

B 1t is recommended that haze filters be used on all interior and exterior 
‘photography with Type 738, The Ansco UV-15 or U¥-16 ix suituble, a8 ia 
Ko the Wratten F144. With heavier tuze conditions the Ansoo UV-16, 
UV-17 of UP=18 fiters may be used, the higher numbers giving heavier cutn 
Inv the visible bhue-vioet. 


TY, Ling 
“The lghting requiod forbes result iy representa ofthat practised ia modern 
colour photogtanly. Somewhat softer lighting contrast than tht normally employed 
in expaaine Sack tnd white negatives advisable, Colour reproduction provides 
{ote Modulation and rendition of detail hat might ordinarily be achieved through 
Tighting in black wad white photogranhy. A solable rato of key ight to ig 
250; ths allo ahukd not exced 40. Rim light i helpful in giving elit and 
reundoes. 
Light Sources in representative combinations; 
A. Exteriors: 
‘Key: Sunlight 
‘Note: A neural white scrim may be used to ood advantage with sunlight to 
Soften the shadow on close-ups 
Fil (0) Higher) are spat amps, with Y-1 fers. 
(Naval ye rofectom, peterably with dius of semiiine 
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Bi. tntetions: 
Key High-intensity are lamps, with Yt filters, 
Fill: White laine are broads, such as Duares, and we CP amps tered with 


Macbeth Whierite filters. It is recommended that are Broads be used 
for the principal fit. 


V. Make-up 

‘Natural street make-up with dark red or blue-red lipstick ix preferced. The lipstick 
rouge should consist of very pure red without any orange of yellow hue, uM 
‘muy be mised with various degrees of blue to achieve the darkness desired. In general 
tis desirable to nvoid make-up preparations that contain & predominance of brown, 
‘or yellow, as wel as those of purplish or grey hue. 


Note: Yeats should be muse on individual wrtitts to determine the optimuurn make~ 
‘up combination with the materials used, 


VL. Set and Costunie Colours 


‘To ensure the most sitisfactory results In colour rendition the colours intended 
for production use in sets, wardrobe muterials and animation should be prestexted 
lundet representative lighting conditions. Those hues and colout tones Which are 
feproduced to best advantage may thea be selected by viewing prints of the fest. 
Attention 10 good colour composition in each scene will, of course, enhance the 


serecn results. 
‘VIL. Darkroom handling 


Unwrapped ‘Type 735 stock should be handled in total darkness only, purticolurly 
then beg wound on rewinder, Even dark green negative saflighiy ma sabe 
colour: 


VILL. Original tage Characterinti¢s on ‘Type 738 
[The normal image has sof gradation and is appreciably darker tha 4 projection 


transparency. The colour balance in the lighter densities will be somewhat bluish, 
Proper exposure will produce the following visual densities” 


Highlighes ed 
lack (Photographed) 





Tho maxlnuin density in-an unexpoved area will usuully be in the range 26-24 
1X, Production Kod Tests 


‘Al the end of each scene or sequence representing a setup or condition of lighting. 
4 typical soene and ca exposure should be made, with an Ansce Color Chart suitably 
0 occupy up to fof the frame. Approximately 10 ft of a like test should be 
laded at the ent of euch roll for processing texts. Also, a full frame 10 M. take ef 
‘the chart is desirable on each day's shooting of n picture, 
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PROCESSING CONTROL PROCEDURES FOR 
ANSCO COLOR FILM™ 

By J. E. Bares ano 1. V. RUNYAN 

‘Ansco, Binghamton. New York 


Reprinted by kind permission of the Society of Motion 
Pure Byer, USA. et Anon, Bighamon, Now 


represen teres yemrraaetnee 
Sach saci ec ene 
ss eS ay Seep ee 
Ti PEN eae Sy nincien nacre ee 
‘gradation, fog, D-max., and other variables common to the processing of black= 
‘and-white films, bat with the complicating factor that these variables must be 
‘kept constant in each of three superimposed emulsion layers. 

‘When this color film was first introduced, frequent changes of processing. 
solutions were advised to prevent the deteriorating effects of aging and exhaustion, 
With experience, methods of processing control gradually have evolved using: 
‘continuous replenishing procedures controtied by sensitometric and analytical tests. 
‘This paper presents an outline of the ewential ‘control steps necessary at each 
operating stage of a proceysing laboratory. Through the use of these practices an 
experienced control man oun maintain a set of processing solutions indefinitely. 
‘Tents are outlined not only for vetual machine operations but also to check raw: 
chemicals and individual mixes of solutions, Although essentially designed for 
motion picture luboritories, the basic methods are also applicable to roll- and 
sheet-film groceuine ‘units, und with different developer replenishers, to the pro 
cessing of ton, 

Benen 


“Three general control methods, photographic, analytical and pH, are recommended 

forthe various testing operations. The necessary texts are outtined briefly in Fig. 1. 

Far simple solutions such as abort stop and hardener, simple pH texts suffice. For 

dewsloper solutions and actual machine controls, both photographic and analytical 

teats are necessary, A chemical standard fy used os the baal forall tests. A supply 

Of highepurity chemicals should be maintained a8 the processing standards and type 
hould be repared from these chemicals with accurate mixing. 


Ac ptt Toots 
‘pH is controlled with Coleman or Beckman Laboratory Model pH instruments 
‘ushiggiase-calomel electrode systems. Other instruments of equal sensitivity would 
suffice, All pH retiings including those of developers given in the paper are based 
‘a the use of n normal glass electrode. It is recognized that the wie of an electrode 
fntrodaces sodium jon errors due to the high salt concentration of tbe solution, 
‘bat in practice, since the salt concentration remains constant, consistent and iefil 

> Preseoted May 8,194, x he SMP Comveniion i Santa Moai. 
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readings are obtained and no aitempt is made to correct the data, If a 
electrode designed for high salt concentritions at a high pH (10.10 11) is used, th 

‘PH readings will range about 0-10 higher than indicated in this 
Iris to be emphasized that except for short stop and hardener solutions which arc 
fully controlled by pH, the pH vaiues are used merely as a guide. Solutions can be 
rejected and trouble located if pH measurements fall outside normal limits, but 
proper pH does not ensure satisfictory performance. 


B, Photographie Tests 


‘Thete can be divided into two parts: (1) photosraphic solution control tests, and 
(2) photographic tests made on the machine during operation. 





Crees Z Econ 
pinta Testina Reconmenbeo 





= PI Derenwmrion 











Souwriow Cowrm Test 
Awacvsis (commana) 
Bromine Awacyais: 


Pravaciewnve Mncnne Terrs 





Oun.ine of Testiva Proceoure 


Fo, 1 


1. Photographie Solution Control Tests 


‘Tests so termed are used for testing raw materials, solution mixes, and in locating 
possible sources of trouble with machine solutions. The photographic test consints 
simply in processing duplicate Lrsrayorp reaihd of color film through the standard 
cycle of color-fiim processing except that the ips are separated at the solution to be 
tested and one strip run through the ‘solution and 
solution. These sensitometric strips should be ‘exposed an the same type of color 
‘emulsion the machine will process. A supply of film of a ‘single emulsion number 
Ftc ypng i ecmon iba fos sunk cae fo es 

onde caenrted et 
nsed, although | intensity-scale instruments are recommended because they give a more 
accurute indication of a film’s practical performance. ‘The instrument, however, 


‘color balance close.to neutral. “Both visutl and densitometer measurements are 
ore accurate when made with neutrlly exposed film. Latentmage ctunges in 
‘exposed wrips ure normally of small magnitude. However, it it recommended (or 
708 


APPENDIX 6 


‘optimum consistency that no exposures more than to month old be used for 
‘control work. 

Tt is easential that solution testing be done under carefully controlled conditions 
of ‘agitation, time, and temperature $0 that the system itself has reproducibility 
treater than the solution tolerance to be tested. In practice itis possible to construct 
‘apparatus that will give results deviating by not more than £ stop speed or y's stop 
color balance when entical solutions are used for type snd sample. This degree 
of reproducibility requires meckanical agitation, water baths for solation temperature 
control, and methods of quickly changing film from solution to solution. In the 
‘Ansco laboratory, an apparatus has been constructed employing a series of stainless 
‘steel tubes each holding 1} litres of solution (Figs, 2 and 3). Special racks each 
hholding two 35-mm. strips in a Gm slide-type holder fit into the tubes. A rubber- 
‘eiged vane, with 2 vertical movement operated by a series of pulleys aver the tubes lt 








built into each rack. The whole unit is set into a water bath with temperature control 
Tes not necessary to employ exactly this design of apparatus, but mechanical ugita- 
tion is strongly recommended, 

Photographic solution control tests are interpreted by reading tho color densities 
of the type and sample sensitometric strips on an Ansco color densitometer’ and 
comparing the plotted resulis for speed, density, and color-balance differences, 
‘Acceptable tolerances in processing solitions necessarily are high, but specific 
acceptable limits must depend somewhat on circumstances. In general, solutions can, 
‘be accepted that do not give speed differences greater than | stop or color-balance 
differences greater than } stop from type. Should am occasion arise where both the 
first developer and color developer or their respective replenishers show } stop 
color-balance difference. both ia the same direction, the combination obviously 
would produce an intolerable result on the machine, 
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‘Normal machine-processing times are recommended for the solution control test 
‘machine except replenisher solutions are tested with two-thirds the developing tie of 
their basic solutions. It is desirable, although not absolutely tecessaty, thit the 
solution control test machine and the processing michine turn out closely matched 
results. Often differences in agitation ywill make this dificult, The procedure for 
chemically adjusting cofor balance described in the section ont machine adjustments 
Would not be applicable in this case because it is necessary that the solution control 
rmuichine operate to test the exact machine farrmilas 











2. Photographic Tests of Machine Operation 

‘The basic purpose behind all petiminary testing i, of course, to control the actual 
developing machine. To this end the greatest reliance i placed on photographic 
controls because these indicate directly the results the machine is producing, Test 





Fad 


strips are run through at 15- to 40-minute intervals, As the strips come off ihe 

they are quickly compared visually with the preceding strips and the color 
ies of three representative toe, middletone, and shoulder steps read and plotted 
ws ahown In Fig. 4. The control chart that gradually accumulates as a result of plot- 
ting these continuous strips is of reat value in controlling the mochine- By eaninect- 
ing the points as the graph is constructed, a running rocord is obtained of the speed 
‘and color-balance fluctuations. Speed increases in reveratble filt are denoted by 8 
drop in all layer densities, a speed decrease by arse in all densities, while color 
‘balance shifts re denoted by unequal changes in the various layer denaities, 

AAs can be seen from Fig. 4, minor fluctuations in over-all speed und very slight 
deviations in color balance occur between successive developments, These fluctua: 
tions are normal in the best regulated machines made to date and ars caused by 4 
variety of effects ull minor in character but which add up to measurable differences. 

‘The variables which cannot be wbiolutely controlled include slight differences Int 
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fim ernulkions, film exposures, cherhiculs, solution mixes, developing times aid 
temperatures, circulation rates, drying conditions, and even final densitometry. 
‘These ndditive deviations may amount to ax much as plus oF minus § ston speed 
‘variations well as color-balance shifts of plus or thinus stop. It 8 the eontrol- 
smiths responsibility to distinguish between a flnctuation that is within the optinaam 
‘operating capability of his apparatus and a deviation that represents inipeoper control. 
For this reason, wraphical methods are employed. By following such « grapb, (is 
‘possible to control the machine output within marrow limits, Fig. iMhustrates another 
‘cries of developments; it can be cen that for developments A through B fluctuations 
Fanged upwand and downward in «fairly regular pattern, This was normal machine 
‘operation. Begioning with B, although the fluctuations were still up and down, the 
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‘majority was running higher than normal in density, This to the controlinan indicated 
‘8 definite trend toward lower speed that would require corrective measures. Since 
‘this rise was accompanied by « slight gain in (he magenta and yellow density over the 
‘cyan layer in the middletone region (density 12) and also in the shoulder densities, 
‘he increased the replenishment rate of the first developer by 10%. As can be secn by 
C to D (film C to C had passed throngh the fitst developer before the correction 
could be applied), this change of replenishment rate achieved the desired result as the 
‘speed increased and the colour balance became more neutral. 
Tn caso of questionable deviations in the graph, complete sensitometric curves 
Peace tee foe he te fn te For general purposes, the three-step plot 
‘machine operators will prefer to run a pictorial type in addition to the sensi< 
tomate Gpe ance tis cs hen u esos pote of tho wet eet of shine 
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differences on picture quality. The interpretation of pictorial strips should, ofcourse, 
be given secondary eniphasis as compared to the more accurate, numerical interpre~ 
tation of the seasitometric control strips 

‘When deviations occur in the machine photographic tests itis advisable 19 man a 
‘chemical analysis immediately to fix the cause of the deviation. Photographic side 
fests also may be made by using the solution control machine to compare a xolution 
‘withidrawn from a machine tank with a type olution. Provided proper 
of solutions is made uf the time of mixing, no serious deviations ever 
Such differences as do occur will normally arise fremt.an excessive amount of high or 
{ow key film exposures, or from excessive aeration of solution duc to leaky circulation 
‘pumps or from the aging of unused solutions. 








a T T 


















































©. Analytical Controls 

‘The analysis procedure for the developer and bleach solutions is outlined in the 
‘paper by Brunner, Means, and Zappert,* For routine machine operation, complete 
developer analysis should be run approximately every 48 hours. Bromide analysis 
‘of developers should be tun every 4 (0 $ hours as changes in bromide concent 
aren accurate indication of improper replenishment rate. Bleach titrations should 
be mun at S-hour intervals, "The condition of the bleach can be judged roughly by 
visually moting tho tine required for the bleach to etch out the silver antihalo layer, 
Bleach performance is generally satiictory if this takes place in one-third the total 
bleaching time. It should never excoed one-half the total blesching time. 

‘The fixer tank should be analyzed for silyer content at intervals of @ hours of 
‘chine operations. Fixer performance is satisfactory if time of clearing does not 
exceed one-half total time of Bxing. 
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Machine Controt and Replenishment Dats 


‘Swceessfal replenishment can be carried out on any type of equipment having fully 
‘controlled und reproducible emperature and agitation conditions. Within the Amsco 
‘lant, the system kas been adapted to machines used for 16mm, film processing as 
described by Forrest. for 35mm. flm processing as described by Harsh and 
‘Schadtich,* and for rick-type sheet-fim processing machines varying from lands 
Pako machine to small yane-gitated 34-galfon tanks. ‘The value of replenishment 
‘questionatle for hand-agitation systems, ‘The greatest control normally is obtained 
‘with the larger size machines that are in constant rather than Intermittent use. It is 
‘desirable to maininin continuous Bltation systems in both color and first-developer 
fanks as the build-up of gelatin particles, spocks of oxidized devsloper, and other 
foreign malerial hasten the chemical breakdown of solutions. Proper filtration will 
sep toth fit developer and solor developer clear und igh olor afer months 
of operation, 





‘A. Modification of Processing Solations to Change Colour Balance’ 

“The widely varying agitation: conditions existing inthe different types of prosessing 
equijmentintroducea complicating factor because varlitions in agitation ean produce 
different color balances. Partial compensation for these balance differences can be 
‘Obiained ty Increasing or decressing developing (nies. However, it order to achieve 
the closest possible matches in speed, gradation, and color Balance, it is sometimes 
‘necessary to make slight chemical changes in the processing solutions thersselves, 

‘The most convenient tools for modifying color-balunce differences resulting from 
different agitation conditions are yutiations of the thiocyanate and iodide concen- 
{ations inthe first developer solution. Chemical ualysic of No. $02 first developer 
fas shown thut iodide accumulates during film development, und, depending some- 
‘whit on the type of Sim processed, exposure level and volume of replenisher added, 
‘normally reaches an equilibrium of from 3 to 6 msm. pet litre of developer. Todide= 
analysis methods and u discustion of iodide equilibrium for black-and-white fim 
developers were given by Evans, Hanson, and Glasoe.* 

Practical teste with color film show that even a small concentration of iodide 
‘exerts an appreciable restraining effect on the yellow ond magenta layers giving an 
edfective sper losin these layers anda shift in the oversal color balance toward the 
bbrown. It can be shown that accumulation of iodide is responsible for large past 
of the color-balance shifts that occur when a. first developer ia. used. If small 
‘amounts of potassium jodide are added initially to the fresh developer, the color- 
balanceshangesurereduced. Wehave adopted the practice of adding small quantities 
‘of potassium iodide to fresh No, 502 fist developer. No iodide ix added to the 
replenisber solution. 

‘Under processing conditions where only moderate agitation is encountered (as in 
Pako procesing) biuisi-cyan color balances ate ofien encountered. because the 
first developers most active onthe top layers ofthe fim and does not ealy penetrate 
{othe bottom layer, Increased first development times under such consitions do not 
change the relative rates of development in the layers. However, the maintenance 
of a higher than noemial jodie concentration. will restrain first development. the 
{op layers more than in the eyan layer, and by use of slightly longee than normal 
developing times in normal color balance ean be achieved, In this casey it i 
‘becessry fo maintain this high iodide concentration by adding a small amount to the 
replenisher solution, 

“The above color-balance shifts are essential for the processing of Types 214, 634, 
235, and 635 sheet, roll, and 35-mun, cartridge films, ance these maeriais mast be 
balnce 0 they ca be processed successfully both by amateurs wth hankprocessing 
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‘outlts and by factory finishing. Obviously iti not necessary to achieve a so-called 
‘Sormal balance for a machine used to process « printing-type film whose balance 
‘normally modified by printing filters, but it is of course essential that whatever 
balance is obtuined be maintained consistently. 








8. Replenishment Procedure 
1, General 


‘The following developer replenishers were worked out using the sokution alysis 
technique described by Brunner, Means, and Zappert.* Although the exact replenish 
‘ment rates may require adjustment from time to tine, use of the replenishers will 
‘maintain the solution ingredients very close to their initial concentrations. 

Greater than 10% variation in replenishment rates rarely is nevessary, ‘Trends 
that ‘ire not corrected by such changes eventually are traced to mechanical or 
physical fault, Such difficulties should be solved by chemicl unalysis of the solutions 
‘in doubt. Through the knawledge of the film response to different chemical varia. 
Hons, skilled controlmen have maintained consistent color balances and speed over 
months of operation, ‘The exact effects produced by photographic variations differ 
somewhat among different emulsions depending on the exact color balance of the 
‘emulsion, In general, variations of color developer affect the heavier densities to 4 
treater degree than the lower densities, whereas variations in first developer cause 
deviations in the over-all speed and balance of the film, 

Relatively large quantities of replenishers are utilized in most cases. tn the frst 
eveloper, the rate is high to Avoid build-up of bromide in the developer. In the 
color developer, replenishment rate i high because tho teplenisher solution is 
early as concentrated ax possible, Bromide accumulates s0 slowly in the color 
‘developer it is necessary to udd it in the replenisher solution to maintain the original 
Amount. ‘The hort stop and hardener solutions ure replenished at these high rates to 
[prevent excessive becumulation of contaminants, No continuous tepleniahinent i 
used with the bleach and fixing baths. The bleach is shifled to a fe tank, 
‘rejuvenated with bromine, and after adding additional salts to make up for those lost 
by dilution, is rotumed 16 the machine tank, ‘The fixer is used to exhaustion, then 
‘dumped into a large crock for sulphide recovery of silver, 





2 Detailed Replenishment Proceiture 


‘The replenishment rates given in this paper are based on the tates used for the 
‘Ansco 16mm, and 33-mm. developing machines, Other machines may perform best 
‘with slightly modified conditions oF formulas. In fact, iment rates normally 
‘iy slightly during routine operation of any single machine, However, the formulas 
and tutes of replenishment listed provide a close approxiniation of the requirements 
‘of any machine and are to be recommended as a starting-point, 

‘The developer replenishers were formulated ising solution-analyais techniques and 
hen used in combination with photographic and analysis tests have maintained 
Aevelopers over periods of months in.the Atsco laboratories. 

Its recommended that 3'5 to 5:0 mgm. per litre of potassium iodide be added to 
fresh tanks of No. $02 first developer. Analysis data indicate that the normal iodide- 
‘equilibrium ranges around these figures, subject somewhat to the exposure level of the 
flim processed. 

‘Clnanges in fire developer activity ure evidenced by over-ll speed changes oF the 
complete film, The exact color-balance differences obtained by increased oF de- 
creased amtiounts of first development vary slightly from film 16 film, but generally 
‘Increases of first development show up as reduced magenta dennity in the balance. 

‘This solution is replenished at x rate hecessary to maintain a pH of 50to 55, The 
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“Tasue 1—Funst Devenorex Rerurasinanst 
‘Ne, $02 First | No, $02 R3 First 
‘Developer. | Developer Replenisher. 











ee gam 
Sciam Bute 00 
Hydroquinooe 7s 
Sodium Carbonate: #0 
Sodium Thiccyanate. | 3 
Sodium Hydronige | it 

‘Water to make ie 





i 
asic replenishment rate—23 ce /M. 35mm, fia 


‘Tantx 2 —Shoxt Stor Rerumanewent 
‘No. 839 Short | No. 888 Short 
Sip. 





(Replenisher for No. 889). 





‘Glacial Asetic Acid | See Wc. 
Sodium Acetate 208m. a 
‘Water to make lire 1 





‘pH fresh 5205-30 pH fresh 470-460 
Basic replenishment rate—24 cM. 3S-mm, film 


‘volume of replenisher is great enough to provide sufficient solution chauige to prevent 
accumulation of excessive developer solution. Ifthe short stop pH is maintained at 
Mahar tha 5 5, eared hardening wil en fret tha Ne. 91 Yarden a 

‘Section and scumming will be obtained. “A pH lower than 50- 
meee ie ‘by the No. 901 hardener and # pH lower than 45 may 
tive difficulty with Bem blistering. 








Tam 3.—HAnoenen REPLENISHMENT 
(These statements apply to the solution used after either first or color developer) 


| No. 901 Hiandener. | No, 901 Replenish, 


epee Det eS 


Basic replenishment rate—30 cM. 35mm. film 


"This solution is replenished with the same solution as the origind! ata rate necessary. 
to keep the tunk pH approximately 35 1040. 1f the pH rises above 45 (although the. 
‘hardening effect will Increase up to pH of about $0) chrome alum sludge and scum 
‘may also result. If the pH falls below 3:5, reduced hardening is obtained, Since a 
‘solution of chrome alum will hydrolyze on standing. the subsequent release of acid 
‘causes a natural drop of pH. The carry-over of a small quantity of alkali is not 
undesirable because it aids in maintzining the optimam pH, 

us 
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Tamux 4—Coton Deverores RerteminaesT 





4-605 Color | A605 R-2 Color 
Developer. \ Developer Replenlsher, 





Gi can Tosm, 
Soca Bisuiphite = 20 
ean to 
Sodium Carbonate ors 
Potassium Bromide... | 10 
‘Water to make Thue 








Basie replenishment rate—23 c.f, 3S-mm. film 


Use ofthis repleniaber, like the fist developer replenish, is designed to maintain 
the original concentration of developer ingredients. Regular bromide analysis will 
‘assist in maintaining tbs proper replniahment rae. No iodide is added to this bath 
‘Analysis indicates some iodide is accumulated during use, but the formu 
‘relatively insensitive to this restraner In the quamsitis involved. 


‘Tamu $,—Burden RerLesisiouet 





No. 713 Alec, 
‘Mono Sodium Dibasie Potassium Ferricyanide 100 gm. 
Potassium Bromide 45 
Ditaaic Sodium Phosphate 240 
‘Sodium Bisulphate 25 
‘Water to make Vitre 


aittrecommiended tat No, 118 etl be eva ntrmiey With Homie 
additions. 

‘During normal blesching operations, blewch exhaustion is couse! by. depletion of 
ferricyanide and bromide fons as wall Xs ty allution of the beach solution Wy wate 
‘carrie lato the tank by the wel film. "The aecurulition of feroxyanide lone slows 
the rate of bleaching to a much greater extent than would be predic! from the 
depletion of ferrkyanide. In practice, u concentration 0 potassium ferroeyanide 
[cater than $ gm. per lire should be avoided. ‘Theve concentrations canbe detected 
using either the potentiometer method described by Brunner, Means, and Zappert® 
brs if desire, th colorimetric mothod described by Varden and Seary* 

“The ferocyanide can then be reoxidined to ferricyanide bythe direct addition of 
Jiquid bromine o the solution, This reaction produces bromide lons equivalent 10 
the number of re-oxidized ferricyanide ions. and thus effectively regenerates the bleach 
bali, "The ceria reitions of beach exhaustion an rejavention ae shown Ia 

able 6. 

Tame 6 
Bleach Exhaustion. 


“1. 4Ag-+4K FCN) —> AR FAICN) 13K, FACN), 
IL. AsdFO(CN), | 4KBr—> KiFe(CN), +4AgHiC 








‘Bleach Rejuvenation, 
4K Fe(CN), +48 —> 4K, Fe(CN), 4K Br 
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vs recommended that a bleach buth be rejuvenated at intervals corresponding to 
25°. of 35 mm. per litre of tank solition. This is conveniently dove by providinie 
‘wo hard-rubber oF ceramic mixing tanks for the bleach with pumps so that the solu 
tion may be pumped from the machine tank to either mixing tank for the rejuvena 
tion treatment while machine operution is continued using the other tank of bleach 
solution. 

"A bleach exhaustion of 25 f. per litre normally corresponds to potassium. 
ferrveyanide conceatration of 45 t6 $0 gm. pet lire. With most technical grades of 
‘bromine, roughly [4 gm. or 0-3 cp, em. per litre would be required to rejuvenate 
the bleach completely. In practice, however, in order to avoid the danger of adding 
fan excess of bromine wihich would give excessive fuming find would be dangerously 
Active both on the color filmi and on the tanks, spoot banks, and so forth, It ie 
Gesitable to fetain a small amount of ferrocyanide in the bleach, normally 10 gum 
per litre or equivalent to the exhaustion produced by $f, of film per litre, 

“The addition of bromine should be made in a well-ventilated room or with a hood 
‘over the tank. Protective clothing and goggles should be worn, us contact with the 
Bromine wil cuuse bad burus. The addition should be made siavly with vigorous 
stirring continued for a minimum of 30 minutes ster the bromine adilition is com 
plete, The bromine will be assimilaged more mpl and with fess Cuming His it 
Gissoived fa $to 10 times its own volume of cold methanol and the mixture then added 
to the bleach mixing tank. 

‘A second potentiometer titration should be made afler the bromine addition 49 
chock the accumcy of the replenishment. 


3, Replenishment of Diluted Bleach 

‘The dition of the bleach by the wet film can be corrected by making additions of 
the original chemicals in the same proportion as they were origimally compounded. 
‘The degree of dilation can be detested by specifioaravity measurements using a 
hydrameter. No chemical additions are necessary unless the dilution exceeds 102, 
“The specific gravity of fresh bleach No. 713 fs anproximatsly 1-110 at 20°C; Upon 
dilution, the specifc gravity is reduced. An estimate ofthe degree can be made from 
the following calculation: 





‘Specie Gravity of Fresh Beach Minus 
Specie Grviy oF Diluted Bleach’ 100 _Per Cent, Loss of Dry 
‘Specilc Gravity of Fresh Bleach Minis ~ Salts of Original Bleach. 


1.000 (Specific Gravity of Water) 


‘Tule 7 may be used asia guide for determining the requited amounts of solid 
chemical 





Tame? 





‘Bleach, Specifi Gravity, Film Bleach No. 713. 


‘rial Specie Gravy 
3 Blain 

Bion 
Atio¢ Dilton 
Mpg oN 
12 Din SS 











nT 
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‘Tame 10 (continued) 


Recommended Action to Correct 
"Deviation. 
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Tank Solution, 








No. 713 Bleach 


No. 800 Fixer 





Complete Machine Process | Sensitometric Com | 15 min. 
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4, Foslng-Bath Control 


‘No replenishment or rejuvenation is recommended for the No. HOO fixer. fleetto= 
(vtic melhiods of silver recovery are difficul to apply fo neutral oF alkaline fixing batlne 
{tis recommended that the No. 800 fixec be used until u silver concentration of about 
25 gm, per litre ig reached oF the time of clearing exceeds half the total available 
liking time. When this point is reached, the fiser solution shoul be replaced by « 
Fresh bath, ‘The used sotution may be treated with sulphides to rovover the silver. 








UL Summary of Testing Operations recommended for Coutrol af Color: 
Processing Laboratory 


‘A, Testing of Raw Materials 


‘The recommended raw material tests are tabulated in Table & The frequency of 
testa will, of course, depend principally un the supply situation, sine of shipments 
received, and number of munufieturers’ Jot numbers involved, Emphasis should be 
placed on pre-testing all lots of developing agents, sodium disulphite, and thiocyanate, 
since variations in these chemicals are most likely to alfect results. Luss uttention is 
‘required with the other chemicals once the consistency of 4 new source of supply 
hhas been ascertained. IM ls advisable to keep eureful records of stock, date exch 
‘chemical received, und date of i use for ready reference in cracking down vatiatione 
‘sw solution mix, 

‘A thorough pre-testing policy will often prevent bad solution mixes and reduce the 
‘possibilty of machine slowdown becuse Of solution supply. 


1. Testing of Solution Mives 


‘The recommended tests for solution sixes are shown in Table 9. Considerable 
Attention should be paid to protesting solution mixes before they are placed on the 
‘machine. Unless errors of solution mixing or of previously unobserved chemical 
ilferences are detected at this point, quality of machine outpot will ulfer. 


. Testing Daring Machine Operation 

‘The teats indicated in Table 10 should be made at consistent Intervals wo provide 
«4 Gonstant flow of information to the machine control chemist. 

In order to mike correet decisions when photogruphie tests indicule trends away’ 
from normal, the control chemist should hve ut hand complete records of tempera 
‘Mire and pH Variations of all solutions as well ay analysis of developers. 
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era Sree pay Ae 
snlnperyciutel ceton,t, cate, eve be tr te 
Fearne ae i tae is 
es 

Tite cs austen ctor sel ns ween meet 

developing solutions ix expecially important in. the control of continuously 

te rete pipe are el 
Importance in color-processing developers, because proper color balance must be 
‘maintained among three different emulsions. In the past few years, several articles 
‘have appeared in the technical literature concerning the analysis of black-and-white 
photographic developers, but nothing has been published an the analysis of de 
erent ec pentate oes cee eee eee 
processed only by the manufacturer. 

ate oeiat nt recanted ctl ORE ae 
solutions, but when this solution is to be regenerated, as described by Bates and 
recerpeteriep inl tes, 

‘The procedures here described are, for the most part, adaptations of methods: 
Prone sen use with the usual black-and-white developers, ‘They have 

selected for their brevity, simplicity, and wccuracy and have ben used for the 

control of continuously replenished solutions for some time by unskilled technicians 
Serorrereei eraaar sin ane ame 


Discussion 


‘The procedures discussed here have been adapted especially for use with the Ansoo 
developer listed iy Table , but may be wed for other developer with some mode 
tion. 














Tom 
Firs Developer A502 
Water, 68° to 90’ Fahrenbelt 780 miltres 
Meo!’ . ‘2% Fak 3am. 
fect Stone: : 8 
‘Sodium Carbonate Monohydrate =. | 2 
eae oe 5 
Poussium Bromide 2) > Hee 
Watertomie = <2 ee 
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Be Sow Rie allies 
Solin Binds be 
Diethy!-p-phenylenediamine Hydrochloride ” 
‘Sodium Carbonate 5., 
Mosokesiet . fae 
coe aa te 





Determination of Metol and Hydroquinone 


‘The frst developer used in the Ansco color process i simular to the usual reversal 
first developer containing sodium tblocyanate. 

"AIL the earller methods for the determination of metol and hydroquinone were 
thased on two separate extractions of the developing agents and possened severit 
dlnatretap oo of wich wat the deemniaton Of tl by eernce, Buse 
‘bach® made a definite advance in 1946 by describing a single methy! acetate extruce 
tion method involving & potentiometric acid titration of metol followed by oxidation, 
‘of both metol and hydroquinone with iodine. Shaner and Sparks* modilied this by 
‘sing a U-tube extractor and methyl ethyl Ketone as solvent, The difficulty in deter 
mining the end-point io the iodine titration is a disadvantage common 10 both 
methods. When the pH is maintained at 6S to 70, the solution isso highly colored 
by oxidation products that itis extremely difficult to see the blue starch-iodine end- 
point, Oxidation at low pH values resalts in 2 nearly colortess solation, but the 
fodine axidation is not quantitative. 

“Because of the small sample we in the Shaner and Sparks procedure, the volume 
of ucid needed (0 titrate the metol is very small. Four developers, cited by these 
authors, containing 20, 30, 022, and O31 gm. of metot per lite, require only 1°16, 
4:74, 013, and 0-18 mallilitres of 01 normal acid when determined in accordance with 
their procedure, Even if the procedure is changed and 003 normal acid is used, the 
vyoluenes needed are sil too small for reasonable accuracy with ordinary equipment, 
Moreover, with 2 sample of this ste, the amount of metol present is 100 lit to give 
4 usable inflction in the titration curve. 

"The disadvantage of the iodine titration may be avoided by oxidizing the developers 
with ceric sulphate, Since this oxidation #s performed in a strongly acid solution, 
‘highly colored oxidation products are not formed, and the end-point is easily 
observed. Stott® described a ceric sulphate titration to determine developing agents, 
‘but he determined the end-point potentiomeirically, Use ofthe ortho-phenanthroling 
ferrous complex (feroin) as indicator makes the tration simpler und faster since the 
‘color change is easily discernible. 

Equally satisfactory results have been obtained with methyl acetate, ethy! acetate, 
‘or isopropyl acetate as extracting solvent, With the methyl acetate used, 2 slight dark 
‘color appeared during the ceric sulphate titration which may be objectionable, but 
rho such darkening occurred with the other (wo acetates. Methy! ethy! ketone, the 
solvent ud iy Shaner ed Spek hc oid by ore sulphates 
‘cannot be used. 

"This modified Baumbach procedure javolving the acid titration of metal and ceric 
sulphate oxidation of both metol and hydroquinooe has teen tested on developer 
‘A-S02 with variation in the concentration of the developing agents from 30% less to 
20% more than normal. Within this range, the metol determination was found to be 
‘accurate to 10072249 and the hydroquinone to 9°5:£1:5% Occasional values 
‘above 100% are probably due to mechanical carry-over of traces of developing solu= 
ton with the solvent. 
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Determination of Diethykp-phenylonediamine Hydrochloride 

Dicthyl-p-pheaylenediamine hydrochloride or its derivatives shay be extracted in 
‘exactly the same manner as metol and hydroquinone. It may be titrated with acid 
the aame ns metol, but since it ls more basic und no hydroquinone is presen, better 
{inflection point is obtained in the titration curve. Tt may also he oxidized with ceric 
‘sulphate, and this oxidation using fervoin indicator is preferred to the potentiometric 
‘acid titration because it i faster und simpler. Immediately on uddition of the ceric 
‘sulphate, a bright cherry red. color is produced which is an intermediate oxidation 
product. ‘The Intensity of this color soon reaches maximum, and then begins Lo 
ude until just before the end-point it disappears and is replaced by the same orange- 
Pink indicator color observed in the metol-hydroquinone Litralion, Another few 
drops of reagent produce the usual indicator color 





Determination of Soillan Sulphive and Bisulphite 


“The bisulphite used in daveloper A-f0S is converted to sulphite by the wos 
carbonate, The same analytical procedure forthe suiphit lon theretore ppb 
to both developers. Atkinson and Shaner and Stott have described a phocedure in 
Which an neidied standard dine solution is ttrted with the develope. Tht 
‘ethod may be use for these developers except thal weak lodine solution should 
be used foe developer A-6, since it contain a Nery anil aoant of salhite fon. 
‘The only precaution required e that sufcent acid be present to keep the soliton 
below aH during the entire ration ann this prevent oxidation of the developing 
a 





vents. 
“This method was found to be accisnite to 1004 4:2:0%4 for concentrations ranging 
from 50% less to 25% more than the concentrations normally used. 


Determination of Soitum Carbouare 


Evatis and Hanson’ desctibed is procedure is which cirhon dioxide and sulphur 
oxide are liberated by acidifiition of the developer, ths sulphur dioxide Is then 
‘oxidized to sulphate and the remaining carbon dioxide ts measured volumetrically. 
‘Atkinson and Shaner* determined carbon dicxide by absorption in soda lime oF 
‘Ascatite, A simpler mettiod described by Stott involved the potentiometrs tration 
of the developer with standard ncid using glass or planus) and calomel electrodes, 
1m this tation, the fist inflection point. the titration curve corresponds (0 the 
change of carbonate to. bictrbonate, but because of the buffering action of the wul- 
phite proseo this inflection isnot at all sharp. 

‘We have found i easier und fate to titrate the developer directly with standard 
faci to about p14 (grey color of methyl orange-indigo carmine), at which point the 
farkomate hus been completely neutralized, and the auplite has ben converted 0 
bisulphite. By deducting the volume of acid required for the sulpbite present, the 
carbonate content may be calculated. Sinoe ‘A-E05 has. 90 alkalinity due 
to sulphite, no deduction is required. ‘This method of determining carbonate is 
ound 10 be accurate to 99:1 %, 


Determination of Potassium Bromide 

Since developer A-S02 contains thiocyanate which behaves yery similarly 10 
‘bromide, a separation of the two must be aifected. To determine bromide in the 
presence of chloride or thiocyanate, Atkinson aiMl Shaner* recammended « rather 
Jengthy iodometsic procedure. To determine bromide in the presence of chloride, 
Stoitt used the method of fvaus, Hansor, and Glasoe’ in which the developer was 
boiled, acidified, und boiled again, cooled, and titrated potentiometrically with silver 
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nithite using silver and calomel electrodes. ‘This method cannot be used in the 
tretenoe of hiogame bees ths oli rete frm Bit a al fo 


Potassium hoiilde inay be determined it developer A-S02 in the rane 1-0 10 
3 um. pet litre with un accuracy of 100-0027 by oxidation with 30% hydrogen, 
peroxide followed by the standard Valhurd bromide procedure, 

‘Developer A-G05 does not contain thiocyanate, but does contain chloride ions from 
the colourdeveloping agent. which is added in the form of its hydrochloride. "The 
‘method of Evans, Hanson, and Gilssoe’ cited above sives satisfuctory results, but it 
Jhas been found that boiling, ether before or after aciification, ts unnecessary. Afer 
acidification, the bromide may be determined by potentiometric titration with silver: 
nitrate, Experience has shown that no advantage is gained by the addition of barium 








MiLLivouTs: 





MAL OIN SILVER WITRATE 


Fic. 1;—Titration curye for bromide pis thiocyanate. 


Aitrate, sodium acetute, or aluminium sulphate, as iy sometimes recommended. ‘The 
lubove procedure gave an ccuracy of 1000-0-8%C for concentrat O10 
35 gm. of potassium bromide per Ihre 





Determination of Sodium Thioeyanate 


[No method tus been reported forthe determination of thiocyanate In develo 
Separation of thiocyanate from bromide sa lengthy procedure. Since the solubilities 
Df silver thiseyanate and bromide are about the sabe, they are precipitated logsther 
‘and cannot be difereniated by the usual potentiometric titration, However, the sist 
‘oF brome and thiocyanate muy be determined and, by deduction ofthe te cased 
by tho bromide, the thiocyanate concentration calculated, The Vothard method 
cannot be used Because the developing agants present reduce the ferric fon aides 
indicator. 

“The aum of bromide und thigeyunale may te convenient determined by act 
‘ation of the developer und dost potentiomsettic ization with standard silver nitrate 
{6 the infection porat using silver wire and calomel electrodes (Fig. 1). With thie 
Drocedlire te thiocyanate Was determined with an accuracy 0190.51 7%- 
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Desermination of Ferrocyanide ta Bleach 

Anco cof bleach A713 bas the following composition: 
Dipotsssium Mono Sodiam Ferricyanide or Potassium Fericyanide 100 
Potassium Bromide peti ora ca 
Dibaste Sodium Phosphate 
Sodium Bisulphate 
Water to make 


During use some of the ferricyanide is reduced to ferrocyanide. Varden and Seary* 
described a colorimetric procedure for the rapid determination of color bleach 
‘exhaustion, When the bleach solution is to be regenerated with bromine as described. 
bby Bates and Runyan. the concentration of ferrocyanide mrust be determined more 
‘accurately thin in possible with the colorimetric method. Standard textbooks on 
‘chemical analysis describe the determination of ferrocyanide in ncid solution bY 
titration with potassium permanganate or ceric sulphate, Either of these oxidants 
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MLGIN CERIC SULFATE 


Foo. 2.—effect of ditution on titration of ferrocyanide in bleach. 


‘may be used with bleach A713, but because of the deep color of the solution, the 
titration must be followed potentiometrically. fn the permanganate titration, con- 
‘slerable time is required for the potential 10 reach equilibeinm as the end-point ly 
approached. With ceric sulphate equilibrium i reached mote rapidly and the length 
Of time required for the titrution is thus shortened. It Is necessiry that the sample be 
ulated as described, since the position and magnitude ofthe inflection is influenced by 
the salt content of the solution (Fig. 2) ‘The ceric sulphate method gave an nceuracy 
0F 99'5:.0'5% in tho range of 25 to 100 gm. af fertocyanide fon per litre. 


Procedures 
Determination of Metol and Hydroquinine 
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25 mil, of iso-propyl acetate, shake for'3 minutes ad then allow the layers to separate 
completely, Drain the-aqueous layer into a S0-ml. beaker, allowing a small amount 
Of solvent to enter the stop-cock bore, Pour the solvent into a small dry better. 
Return the aqueous portion to the fine}, rinse the beaker with an wdditionsl 25 ml. 
‘of solvent and adi this to the funnel. ‘Repet the shaking and separation, 

Pour the firs sslvent extract, containing most of the extracted developing agents, 
from the ft to a second and Yo third sal dy beaker an nally to 4 400 
beaker. After draining off the aqueous layer, pass the ssconil portion of solvent 
through the same three small beakers to the 400-ml, beaker. 

‘Axld 100 ml, of distilled water and $0 ml, of methanol to the combined solvent 
{ayers nnd titrate potentiometrically with approximately 0-05 normal hydrochloric 
‘acid, using glass and calome} electrodes and mechanical stiring. Plot the titration, 
‘curve of pH versus millitres of acid and determine the inflection point. 


Grams of metol per litre 
648 x millilitres of hydrochloric acid normality of hydrochloric acid. 


B. Hydroquinone—Aftee the acid tration add $ rl, of one-to-one sulphuric acid 

and 2 drops of 0.025 molar ferroic indicator (o-phenanthroline ferrous complex), 

Titrate with approximately 0:1 normal ceric mulphate solution, using mechanical 

Siking tl Un plak-ortnge color cies to speci yal aid aloe chine 
30 seconds. 


Grants of hydroquinone per lire= 
220 [oat {Ce(S0,)e< normality Ce{804) — smn e i) 


Determination of Dicthyt-p-phenylenediamine CMoride 

‘A.25-0-ml, simple of developer is extracted exactly as described in the procedure 
or metol, After tho addition of 100 ml. of distiled water, $0 ml, of methanol, 5 si 
‘of one-to-one sulphuric acid, and 2 drops of 0025 molar ferroin intiestor tothe com 
bined solvent layers, the solution ix titrated with approximately O-1 normal ceric 
sulphate solution as described above 
Grammy of dicthyl-p-phienylenediamine hyeirochloride= 

401 «millilitres Co(S0,), normality Ce(5O4). 


Determination of Sexlium Sulphite in Developer A502 

Place a portion of the developer in a 25-ml, boret. Pipette 200ml, of proximately 
05 normal iodine solution into a 250-m), Erlenmeyer flaxk containing 100 ml. of 
distilled water and $ ml, of concentrated hydrochioric acid. Titrate the iodine 
‘xolution with the developer until the iodine color is nearly discharged, Add 3 mi. 
‘of starch solution and continve the titration until the solution becomes colorles. 
Grams of sodium sulpbite per Hire= 

millilitres of fodine = normatity of iodine » 63 


‘ililitres developer required 


Determinition of Soidiun Blaulphite In Developer A-60S 

Place a portion of the developer in s 25-ml. buret, Pipette $-0 ml, of app 
1 normal fodine solution into 250-nl. Erienmeyer flask containing 100 ml. of 
distilled water and 5 ml, of concextrated hydrochloric acid. trate the lodine soli 
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tion with the developer until the iodine color js nearly discharged. Add 3m). of 
starch solution and continue the titration until the solation becomes colorless. 


Grams of yodium bisulphite per litre 
iullttres oF iodine normality of iodine x52 
‘millilitres developer required 


Determination of Soxlum Carbonate 
Pipette a 20-0-ml. sample of developer into a 250-ml. Erlenmeyer Mask cootainiing 
100 mil. of distilled yeuter and 4 drops of methyl indigo earmine indicator,” 


‘Titrate with approximately | normal hydrochloric acid to the grey end-point. 


‘Grams of sodium carbonate monohydrate perlite A-S02— 
snlliires HClis normality HI—(0-159/ grams NaySQ, per litre) 
0323 
‘Grams of rodium carbonate monohydrate per litre A-GOS = 
miliites FICL normality HCL 
ca) 


Determination of Potassium Bromide in Developer A502 

Pipette a 25:0-ml, sample of developer into a S00-ml, Exienmmeyer Mask. Add 10 ml. 
(6(30% hydrogen peroxide and warm gently until « vigorous reaction begins and then 
remove the source of heat, When the reaction has subsided, heat to boiling and bol 
Yor3 minutes. Cool, add 100-r, of distilled water, and neutralize to alkacid paper by 
dropwise addition of one-to-one nitric acid apd then aild $ mil. in excess. 

‘Add 10-0 ml of approximately 0-1 normal silver nitrate from 4 pipette followed by 
3 ml, oF saturated ferric amunoniimn sulphate olution which has been slightly acidified 
ith nitro acid, (IF desired 10 mil. of chloroform may be added nnd the solution well 
thaken to coagulate the precipiiate) Titrate with approximately 0-08 ormal 
{moniam thiocyanate tothe appearance of a ditty pink color which peri for 

secon 











Grams of potassium bromide per litre 
4 76((10x normality AgNO,)—{(nilliires NHSCN x normality NHSCNY) 


Determination of Potassium Bromide in Developer A605 

Pipette a <00-ml. sample of developer into a 400ml. beaker and neutralize to 
llkacid. paper by the cureful addition of one-to-one nitric acid, and thea add about 
4\ml, in excess, "Titrato potentiometrically with approximately 0-1. normal silver 
Aitrate using silver and calomel electrodes. ‘The end-point is the inflection in the 
‘curve of millivolts versus millilitres. 


Grams of potassium bromide per litre 
2-38 millilitres AgNO, * normality AgNO, 

Determination of Soitium Thiocyanue in Developer A-S02 

Pipette # 25-0-mi, sample of devéloper into « 400-ml, beaker containing 100 mi, of 
Aistfed water. Add one-to-one sulphuric ac unl the soltion has w SH ot about 
ieee nest eovnae remo seeeeanoae 
ions wt mace’ fbe sol ce ot the sel ery cle oa oe 
thereat ane eergacd ew are 
730, 
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2 and titrate potentiometrically with approximately 0-1 normal silver nitrate usinis 
Aver and calm setrodex. The ek-punt the nfeton in the curve of ilivais 
‘versus mililites, 


‘Grams of sium thioeyanite pe Hire-= 
s24f ties ‘AeNO,tiormutity Agno, — ##3is KBE peste) L 


Determination of Ferrocyanide in Bleach A713 

Pipette SOO-ml. of bleach solution into a 400-mi. beaker, add 20 ml, of concen= 
trated hydrochloric acid and dilute 10 about 300 ml. with distilled water, Titrate 
‘potentiometrically with approximately 01 normal ceric sulphate using platinum wod 
‘calomel electrodes, Take the end-point as the inflection in the carve of millivolts 
‘versus mililitres or, in routine determinations, titrate to that milivolt readiny which 
‘corresponds co the inflection point, 


Gram of ferrocyanide fon pee litre 
424% milillies Ce(S0,), x normality CSO), 
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METALLICSALT TRACK ON ANSCO 16MM. 
COLOR FILM.* 

By J. L. Fonnest 

‘Ansco, Binghamton, New York 


Ke-printed by kind permission of the Sociery of Mosion 
Pleture Enghteers, U.S.A, and Ansco, Binghamton, New 


York: 
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‘method of processing Ausco color film hus been presented ja pummerous 
Publications and the procedure for machine processing of {f-m. Ansco color 
film has been presented." In this process, the silver is removed from the Image 

area, leaving dye in the three layers. The combination (maximum density) of the 

subtractive colors—cyan, magenta, und yellow—has w visual density of from 2° 
to 3, which is sufficient to produce good screen contrast, ‘The maximum density, 
while being visually opaque, tranamits the far-red and nesrsinfre-red radiation, 

‘A sound truck on Ansco color fie, processed in the usual way, is a dye truck, the 
density of which is made up of the cyan, magenta, and yellow from the three layers. 
‘These dyes (Fig. 1) have good absorption ia the visible replon of the spectrum, bul 
{ranamnit the fared and infra-red, If track. of this kind’ ts played on sound- 
Feproducing equipment utlizing « bluesenaitive phototube such as that described 
by Glover and Moore® (Fig. 2), the resulting volume will compare favourably with 
 allver track played on conventional equipment (Fig. 3). 

Most sound-projection ‘equipment, however, user a cesiumslype phototube 
(Fig. 4), ‘This applies particularly to 16mm, projectors, This tube hax most oF fis 
‘emsitivity in the near infra-red region of the spectrum. ‘The dye track, therfore, 
not s0 efficient as 4 metallic type of track for modulating light beam from an ine 
ssandescent source when read by w cesium-type phototube. 

‘The easiest anid most direst approach to the solution of this problem isto sugyest 
the use of a blue-sensitive phototube."** Since it yeeros unlikely that 4 change-over 
{0 blue-rensitive phototubes will be made for some time, differential rocesitg of the 
picture and sound track is necessary to make the sound-track modulations opaque (0 
Infra-red tight. Differential treatmient of the sound-track area of motion picture ft 
‘is not new to the motion picture industry. ‘The patent literature’ describes many 
‘procedures and methods for auch treatments, each one more or less special ai 
‘adapted to the process being used. All such processes invalve special equipment and 
techniques which add extra steps to the processing provedute, Furthermore, becitle 
the sound track must be confined to « definite area of the film specifically defined by 
‘tublisbed standards." precision application equipment is required and skilled 
"Pant cau” cet at he soundtrack 

Patent lterature* teaches that, in the case of Kodachrome, t area 
‘may be treated with w solution of a sulphide plus an lodide in order to retain the 
‘metallic salts in the soundtrack area and thus increase ja opacity to infra-red light, 

* Premed Octobe 2, 194, atthe SMPL Convention In Watlington 
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A procedute for increasing the opacity of 16mm. Ansco color duplicating illo 
{0 infra-red light hax been worked out in which the silver halides forming the moda 
lations are converted to silver sulphide. This treatment produces » sound track 00 
‘Ansco color film swhich compares favourably in volume with a silver track wher 
reproduced on the conventional red-semsitive phototube (Fig. 3). Careful measure= 
‘ments have not shown any setious distortions introduced in the track by this treat- 
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iment. Listening-test comparisons betwoet » treated track and a silver track on 
{arge number of samples indicated that thete isa sight increase in noise level over 
the silver track, but in 0 case wis this found sufficient 10 be judged objectionable, 
Unfortunately, the filter layer sed in Ansco color fn was Tound to contribute a 
slight stain to the lear area, ‘The maximums absorptiin band of this stain, howover, 
{oes not correspond to the peak of sensitivity of the cesium photo surface; therefore 

it is not wo objectionable a «visual inspection of the track might indicate. 
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For reversible-type 16mm. film, the variable-ares sound track is preferable and 
“with a track treatment of this kind an reversible color film, the characteristics of the 
treated track end it best to the yariable-arca method. 

For economical reasons, the procedure and equipment used for treating the flim 
hhaye been worked out to operate in connection with the Ansco colorilm processing 
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‘machines operating atthe normal processing speed. "The equipment can be used with 
‘any type of developing machine providing » uniform steady film flow. A uniform 
flow of film through the equipment is abvolutely essential for salisfuctory rent. 

An practice, since itis a reversal proces, the sound track on Ansco color dupli- 
‘ating fm i exposed from a positiveype track, A recorded track having charac 
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{oristos Favourable for printing on black-and-white reversibls duplicating stock will 
be suiiable for printing on Ansco color duplicating fhm. After printing, tbe colar 
‘him is processed in the usual way upto the wash before the color developer. In the 
Iiddie of this wash, the (lm is led out of the wash into the soundetrack-treating 
equipment (Table 1), In the sound-track-treating equipment, the film is rst surfice= 
dried to prevent crecping of the treating solution beyond the area allocated for the 
sound track. This drying is accomplished by passing the film through nit squeegees 
(Fig. 5) und then into « smull drying cabinet (Fig. 6). This drying requires about 
40seconds. “From the drying chamber, the fle is led over the upplicator roller and 
here the edge-treating solution is applied to the track urea (Fig. 7). The reaction of 
the solution is very rapid; only about 15 seconds are required 40 convert the sllver 


‘Tauui 1-—Ayseo Coton Reveatuns 16-400 Souyp-Fiust Process 
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halides in the track to silver sulphide. ‘The treating solution fs essentially an aqueous 
‘solution of sodium sulphide with Collosize WS-100 (hydroxyethyl cellulose) ndded 10 
{increase the viscosity (Table 2}. Afer this reaction, the excess solution Is wed off 
‘the track area and the film is returned to the wash tank from which i¢ was taken. This 
entire treatarent requires about 75 seconds, After its return to the wash tik, the 
‘il continues on through the rest of tbe process In the usual way 


‘Tawut 2—Bhoe-Tasarent SOLUTION FORMULA 
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Although this process of treating the track requites care, itis a stmightforwatd 
cca and i not untidy or odorous, ‘The solution contains soda sulphide: 
f the amount of solution required ls smull, only about 10 cu. cm. oF 4 third 
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‘of an ounce is required for 100 fect of film. Therefore the handling of the solution 
Dresents no probe or hnzurds in the proceming laboratory if erinary resautions 
ae ta 

The unit i compact and portable on casters (Fig. 3), and when used jc is moved 
4longside the developing machine and remains there whrough the run, Even 
developing machines continuously processing sound film, the portable construction 
is desirable, ‘This type of construction makes it poasible to move the unit out of the 
way 10 give fee access to the processing machine for mulintenance and cleanin. 

‘THe unit itself does not propel the film, This ix accomplished entirely by the pro 
cejsing machine, Actually, the processing machine pulls the flm through the sound- 
{eack-treating unit...In order that no undus strain be placed on the fl, the sound- 
‘ack-treating unit Is tendency-driven, that is, the shafts jn the rollers of the dyin, 
‘cabinet are twening in loose rollers After leaving the drying cabinet, the fll te fed 
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‘over i roller cluster to guide It accurately over’ Une edge-teating roller (Fig, 7). 
Here, the soundstrack area comes in contact with » bead of the edye-trenting solution 
carried on the slightly concave periphery of the applleator whsel. ‘The bead whee! 
travels at 9 slightly faster rate of speed than the fim and in the same directions a 
the film, This maintains « uniform) bead in contact With the track snes. 

‘The amount of solution ipplied is controlled by the depth of dip of the applicator 
‘wheel in the solution, an lateral movement of the whee! is controled ty two micro~ 
‘meter adjustments on the applicalor assembly. With these adjustment, no diticlty 
has been experienced in confining the track ares within rhe established. standard. 
‘After edge-treating, the solution is ullowed 10 redct for 15 seconde anil Is then 
Femoved by a special spray washing the excess solution off the track area (Fig. 9). 
From this point, the film js retumed to the processing machine and continues on 
‘through the rest of the process in the usual way. 
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Sound tracks processed it this way are petmaneat and are no more subjest to 
4eratches and abrasions than normal silver sound tracks made on black-and-white 


is facquering or waxing, which ean be applied 
safely to the color film, will not harm the treated sound track, 
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DU PONT COLOR FILM. 
‘Du Pont Type 27 3S-mi. Color Release Positive Film for Professional Use 


Manulictred by EL, Du Pont de Nemours und Company, Wilmingon, Delaware, 


HHS rentarkable product ts a multilayer film for release printing from three 
Tescer separation negutives, The fly has three light sensitive layers, each 
sigue ierety 90 that te dese layer can be exponed by suitably fered 
it. 

The light sensitive siver halide grains in ench Jayer are suspended in three sya~ 
thetic polymer layers which combine the finctions of carrier and colour generalors. 
‘The polymer molecules have attached to them chemically. the necessary colour- 


forming atruture to produce the three wubiroctive primary colours, yellow, magenta 
and yun, 


COLOUR SENSITIVITY 


DEVELOPED COLOUR 
BWE IAAGENTA 
bod CYAN 

‘GREEN YELLOW 


Base 


CROSS SECTION OF FILM 
Fa. 1. 


“The silver grins, when develope, are laimately ia cautaet wit te colourform- 
Jngproupm. Tha res very high ficeney of de formation and the use of vey 
nT ingot pet yep whi hat iow layer i 
mportnt magenta layer fn top wl inuportant yellow layer son 
the bottom This contributes Yo shurpies af definition, (See srourction above.) 
Pointing 
‘Conventional (pes of restration pristing equipment may be wie. Colour 


filters are used in order to record the colour separation records in the appropriate 
layers of the multilayer positive. "The sequence of peinting is a8 follows: 





Colour Separation Filter Used for 
‘Recon Pring 
Red Corning 2403 
Green t= Coming $113 (hl-thickness) 
Blue. | Du Pont Defender 606 
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Printing can be carried out satisfactorily using 4 registering step-printer at 22 feet 
per minute, with dlumination from a 500 W. clear projection-type tungsten Hlament 
Tamp with a spherical reflector. The axposures in meter-candle-econds required t0 
produce a neutral image of a density of 0 are: 


Blue exp. (miagents image) _440 Meter-candile-seconds 
Red exp. (cyan image) (NEAT eat 
Green exp, (yellow image) GL ny 


Procesing 

Du Pont Color Release Positive Film may be processed in conventional types of 
developing machines having sultable tank urrangement to permit the sequence of 
‘processing operations shown below. Processing consists of four chemical steps with 
suitable rinses uid washes at appropriate points, based on 70° F. processing tetn~ 
perature, 





1, Develop. Ses 10 inates 
2 Rinse eS $-10 seconds 
3. Fix 6 minutes 
4 Wash 
5. Bleach* + ; 
RW Sa) te ose 
7. Fix ee th 
8 Wash, a 





“The times given above are to be considered approxinate and will vary slightly for 
Individual processing machines, depending upon conditions of agitation, ete. 

"The film carries an antichalation backing which i removed automatically during 
processing. 





Processing Solutions 
Colour Developer 
P-amino diethylanitine hydrochloride S21. 
Sodium sulphite . 209 
Sodium carbonate monohydrate m8 
Pouussium bromide, 3 40, 
Water 10 Brags 200 gall, 
Fins Fixer 
Hypo) Janek 1672 Tb. 
‘Sodium sulphite 105 ,, 
Hort. 5 125 i 
‘Acetic acid glacial + 3180 ce 
Potussiim alum... 146 Ib. 
Water to... 250-0 gall 
Bleach 

Potassium ferricyanide <. 209-01, 
Boricacid =. 209 
Worm. oa ios jl 
Waterto). 250-0 yall. 


J Heiden tc cmc may cexa i nite wath lin Sep Ne 
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Second Fixer 


iene ae See -. A180 Ib. 
Waterton 2 OT 250-0 gall, 


“The above information hss been included by courtesy of Du Pont de Nemours and 
‘Company, to whom the Writer Is gratefully indebted. 
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GEVACOLOR. 
(Manufactured by Photo-Pradalty Gevaert, Antwerp, 
Belgium) 


‘Much of the following dita has becn supplied by Gevaert Ld. of London, by whose 
‘Sourteay ibis included, 


‘Clarsiication. “Three-colour subtractive process: Integrl tripack, the emulsion 
layers incorporatimy non-diffusing colour couplers. Colour negative-pasitive aystemt. 
Camera. Normal. 
Projection. Normal. 
Printing Normal with suitable means for grading for colour 
Processing, Colour development with colour coupling compounds. 


“Tyres oF Gayacoton Fits 


wide | 











3S-min. | Negative, Daylight ‘Camera Record 
pps. Nitrate Base 

350m, ive, Release. | — — | Relewse Printing 
‘Nitrate ase 





‘General Description. The orion of this process are identical fo Agfacolor (see 
pp. 3564), Furthermdte, it ts reasonable. to asuume that the material Is ade 
Natatanially in accordance with: the emulsion couting and sensitizing date in 
FIAT FINAL REPORT 943, publithed by the US. Department of Commerce 
(see pp, 378-9), Gevaert have patented a number of colour couplers, so that it may 
‘well be that all the couplers are not identical Yo the German one. 


Structure, ‘The structure of both negative ond positive films seems to be identical 
to Agfacolor (Fig. 191 and Table 57). ‘The biue light-barrier between the top layer 
(blue recording) and the second layer (grees recordin) is colloidul silver, cxrre- 
spoeding, no doubt, to the Geman ofoda aver emuion ‘Type OORLA (ste 
FIAT 543), 





Process, "The processing of Gevacolor i very similar to that of Aghncolor, as 
wil i eid from u compari of the respecte neta and formu ee 
yp. 370372, 


Procesing Forunuls 
sci Be Ot ones 
st 
ene ee ate 


coLoU) 
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‘Devevopuent Twr-tams, Geyacotox NeakTive-Posmive 
































Nevetive. | Positive with ster track. 
Treen 
Tine | Toral| Time | Foal aa 
in), ime | in| Te | Q 
Golour Development | 7) 7 | 10 | 10 Waser 
Spray Rinne 2 
Bah: 5 | op | as | a | 
Spay Wash 6 {ao fas |B 
iloidalSiver Bleach | om | “|! | 33 s24o8 
Rinse wt] — | 2 | ap 
Bleach Bath * | 38 | one | = SOLO 
Sop baa omt| =| 3 | % 
©) emit | = 
Hay 5) 8) 3/3 fox10 
Spray Wish 2 {9 | 2 | 37 | sir —omr, 
ing Baih oni 
Stablisee s|ss] 5 esrar | 1ovs02 
sper Wash 5 | m | 15 | HF | Sm Eten, 
Solution B 
Sodium Sulphite (erst) ne awe 
Hrgonummedee Ss 
Sodium Carbonate (anid) °: 
Foamian bromiae (or seeans)°> 4 
im vo ; 
Water (ined) 2 g000 ck. 
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‘Add Solution A to 1B atleast 24 hours before we, 


Regenerator Negative or Positive Colour Developer 





Solution A 
N-dithyt p-phenplenedinmine oe 50am, 
i a 
Sodium Sulphite cryst.) 
Hdrowumine HL 
am Carbonate 
Water (tilled) to make 





Add Solution A to B. 28 hours before 
Use 20 lites per 1000 mates af in posse 
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ice 
siento woes 
eee ee 
oe : 
cen eae he 
ome Bie 
he the eb ir bree nah. 
Pts ot 
sete Twi) me 
Vin erg ae tac 
aan Bite 
in to Str 
Formatin (407% stock solution) . 2S. 
‘Sodium Carbonate (anhyd,) 10-0 gm, 
cee: ‘a 


Stabilizes the colours and prevents subseauent fa 
aa npc al ats om proceed 


‘Mach for Colloidal Silver Filter Layer 


{for Poitve with soundtrack) 
Acetic Acid (glacial) Jee, 
ium parca canter soda) oe om 
RaaWiteriomike | Tee 
Renewal! 130 litres for 1,000 metres of film procensed. 
Viscous Bleach 
(for Positive picture ares, leaving sound-track free) 
Carboxymethyl Cellulose o. 50-0 am, 
Fotsium Ferricyanie 1000" 
Nea 30 1 


Renewals 150 litres for 1,000 metres of films processet 


‘Note.—50 jm, of the carboxymetty! cellulose are wdded through a strainer inte 
{QO oC water, Aer commun ‘dicting for about obe hour the paste thickens anit 
fesolves completely. The potassium ferricyanide and Nekal are than dissolved in the 


Stop Bh for Viscous Bleach 
Solum Sapient) f 400 
Water [sn 440 litre: 


Renewal; 100 litres per 1,000 metres of film processed. 


‘Pritiag. Printing machines ronst embody means for eoloar grading by the inser 
tion of compensating Blters. The continuous printers doncribed on p. 300 would be 
‘suitable. Gevaert recommend the Debrie™ Matipo,”* which has it unique automatic 
Colour Alter bund and light control Ge p. 375). Light control by. voltage regulation 
fs unsatisfactory owing to change, of colour temperature und its effect upon the 
‘Spectral distribution of energy, Accordingly, light Aux must be regulated bY # 
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diaphragm as in the * Matipo " band, or the insertion of neutral fil in 
TiGreon niceties thes, xan toe Peek 
‘compensating inus blue), Magenta (minus green) and 
‘Cyan (minus red) are supplied in a series sruduated es 
ou (ions se ate supplied in of six densities, designated 


‘Selection of the appropriate combination is made in two stages, 
(@) Prints are made using the following tabulated combinations: 

















‘No. of the BhueG 

Yellow | Magenta ee 
ture in the (Cn) 
ears Soh | Me (Coan 

4 

4 

4 

4 

6 

6 

6 

6 

7 

1 

7 

7 

i 

1 

7 

7 

9 

9 

9 

9 


S88 SSSSSlSsss SES SSSESSSS SBE SSSS S5ES 











BSs Seessse888 2888 S888SS8S S888 sees 858s 
BSS S8SsssSSsF SSS SSSSSSSS sess SBES SESS 
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(0) A furthest prin is made sing the best ler combination fro text (a) a8 
rotlter (or feed sere) and then using the following accessory combinations 





Nos ef the 




















Blue-Green 
pay the) eye | Mg (Sram 
| 

Teel ce a) my 
4 wo.) 09 00 
a % oo 
4 » | oo 0 
$ oy 10 © 
3 0 0 ™ 
s | oo 10 % 
3 ) 10 ® 
3 o | 2» 0 
5 10 » 0 
3 | B 0 o 
5 » » % 
6 | 6 » | @ 
6 | 10 w 0 
6 2 » | 
6 0 x | OO 
Go| Si) 
3 to = | 10 
3 2 - | 10 
3 0 = 0 
. | Be | 2 
6 » - 20 
& 0 = 0 
z = = 0 
i 0 = x0 
a » = w» 
1 0 = ” 
6 Lie wo wo 
3 an 10 
Ge % 10 
7 10 ww 
8 20 » 
& = 30 x 
5 = 10 x” 
> |=| #21] # 
r) } =| » 0 


‘When judging the positive, the cocection to be applied is to use filter of the same 
‘hue as that which is predominant when viewed by the projection illuminamt— and 
vice versa for the negative. 
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aa er a fe 








ee Pani. Negative. 
‘Magenta, Yetow 

Se |G» | Sees 

flow | Yalow ‘Gyan, Magenta 

Blue Gam Magena | Yet 

Rea llows Magenta | Cyan 

Green | Gan, Yolow tiem 





‘The final combination for printing is determined by adding the “ pee-iter 
‘e1ting (hee (a) above) to the best filters found fr test (0), 


Example ¢ 
‘The \wo following instances are given to demonstrate the above:— 


(1 The fiers used ax presiters (fixed screens), for example, C30 and MOO, are the 
‘GEE Solgar as those whic give the best balance tn the second tia for example, 
‘and MIO. 
‘The correct Glier to use for the final print will, therefore, be composed of the 
Alters C30 (C30 and C20) and M70 (M60 ind M10}, 


41) 1 using fiers C30 and M6O as a prestiter, itis necessary, according: (0 the 


‘ewulls ofthe second trial, to add fillers M10 aod! Y20, the final combination will thea 
‘become: - 
y 


Mi0(= M60—MI0) 
cw 


11 fs as well to note here that the apertures in the Matipo band as stiown ja the 
above lables, must by increased in accordance with the higher density of the magenta 
‘or blue-green filters in use die to the grey content of these dyes. 

For every 10 points increase in the blue-green filter, the aperture must be increased 
by one unit: for un increase of 20 points in the magenta filter, the aperiore must be 
{increased ‘by one unit. 

Asauming the dyes used in all the filters were Ideal ones, » combination of one of 
‘each of the three colours of the same number will give # grey density corresponding 
to.a difference in aperture of 15 units, 

Fearing the above in mind, the apertisre must be reduced by 1 units for every 10 
numbers ty which the three filters are simultaneously decreased, 


Example Ht 
In (i) of Example t, ¥20, M70 and C30 can be substituted by the combination 


MSO and C10, obtained by subtracting from the Index of each Filter the number 20, 
‘he the smallest of the three indices. 


‘This reduction in the density of the filter must be coropensated by a corresponding 
‘eduction in the diameter of the aperture inthe coutral bat. 


(1) First allow for a reduction inthe denalty ofthe three filters, oi this particular 
instance, a decrease of 


2 
jpn Se3 units 
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(2) Then allow for the reduction in density of the aragenta und blue-green filters, 
ord at rea er fa 


20 


Decrease inthe be-greca fier of [x 1—=2 uns 








In practice, a decresse of 20 units for all three filters must be compensated by = 
decrease of 25: 1'5—3-+1 +36 units in the number of the aperture in the control 
foand. 

‘I order to correct for under or over exposure in the negative, apertures must be 
cither decreased or incrensed. To facilitate this control, tests with yarious apertures 
‘elthout fiters must be added to both test strips. 


‘Sound Printing. Sound is printed inthe usual manner, However ia order (0 voll 
a drop ia quality due to light diffusion through the thickness ofthe emulsions, a blue 
filter (No. B.498) must be inserted, In this way the yound track is only recorded In 
the top yer. 

Events are proving correct the prediction mide ia the Historical Summary 
(pp. 26-7). Already we have Ansco Nogative and Positive Color Film, Gevaert 
‘Negative and Pouitive Color Film, anda Ferrania (ltalian) Negative and Positive 
Color Film promised shortly, All these materials are derivatives of Agficolor. 
Agfucoloe negative and positive ix being made in Russia, and in Germany it ix 
‘coming to fife ugar at the 1.G. plant at Leverkusen, where Agfa made bromide puper, 
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THE DUGROMACOLOR PROCESS 


UGROMACOLOR is wo additive process developed in France by Roget 
‘Dunas, Georges Gromer, and André Marx. Special lenses, of which the details 
are not revealed, ate used for taking-and projecting, and are sid (o eliminate 

Parullx. For taking, the lens and prism block, stated to be adaptable to any earner, 





comprises  benn-splitting component providing three sub-standard images within 
the area of a single fame. ‘Standard tricolour Alters are employed, ‘Lenses 6! 
32mm. focus or greater may be used. It is claimed that '* the fact that the rays 
forming the three images are parallel to one another makes the use of a plano-con 

on i seems that the beaim-spliter block ts 


i 
| 
i 
| 
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piliced between a single objective and the image plane. A multiple ens unit is em= 
ployed to project the tree images in superposition on the screso, The beamsplitter 
iMlustrited appears. (o necessitate unequal lass paths, anid no means for equalizing 
these paths is indicated, 
Reference 
BLAME, O., Le Cinegpie, 25. 4, No. 274 (February, 1949). 
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FURTHER PROCESSES RECENTLY ANNOUNCED 
CHROMART 


(Anglo-Americun Colour Photographic Industries, Ltd, 
30, Queen’s Grove, St. Job's Wood, London.) 


Classification —Two- oF three-colour newativepositive mulilayer process, the 
‘emulsion layers incorporating nor-diffusing colour couplers. 

Camera—Norwal, 

Projection Normal. 

Printing Normal, with suitable tnexns for grading for colour, 

Processing. With ininoe modifications sald 10. be similar to the processing of 
Aaficolor motion picture ttm 
General Description 

This process ix based upon the patents of Hans vou Fraunhofer, « Hungarian 
‘subject residing in England. Two" processes "” have been described.” A two-colour 
‘Yersion called the Simplex ** process, und thtce-coloue negative-positive materials 
salled the * Chromart Tricolor.” process. 
Structure 

The two-colour process consiits of # twoslayer sepative material of unorthodox 























Senuiteing | Coupler Incorporate | Filter Layer 
‘Top Ortho Gyan, = 
Fitter Layer = = Colloidal Sliver 
Bottom — | Red Senaltized Mavent ‘| 
(No Green Sent) 
Pil Base | 











For the postive print. shreelayer nauterial is uted! of unorthodox structure, 
‘The top layer is ed sermltized (no green sensitizing) and contains yellow couplet, 
the mide layer is also red sensitized (no yreen sensiicing) and contains a magenta 
coupler. ‘The botiom layer is green sensitized (ortho) and contains & cyan coupler. 
For control the printing ight i Bleed with a yellow (minus blue) hilter which may Be 
varied In density. ‘Thos mainly red and green light emanates from the magenta and 
pala sence re min mae of ate te il anime 
Sepending upon the density of the yellow fle, Other compensating filters 
sombined with the yellow filter, $ nad 
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‘ALis claimed that ike higher blue speed of the top layer permits certain amount of 
‘conteol over the layers preferentially printed i the three-layer material to the extent 
fof describing the result ss “two and a half colour. (See Technichrome and 


) 
For the yellow printing fters,Iford filters 101-110 are émployed. 


* Churomart Tricolor” Negative-Positive Process 

‘The three-colour negative-positive process announced by the company ay shortly 
to become avallable has the following characteristics. The negative it a tripack of 
‘unconventionél design of which the top layer can be stvipped. This layer is ue 
setisitive and contains no colour coupler, 

















tyon Ortho 
pss bed 
Ft ole 








ae hed 8 GR CHEESY, Pred wert 
Metig Moke 


ea foal Pagal when 























eich aw ame 
Yow yt reed 
pair sence re gre 
oan ear ean ro 
Fete pg fr a ete scpearonce 


Blue sensitive — No coupler 
Strinping plastic interlayer dyed yellow 
Reed semitized — Extra red Magenta coupler 
Ortho sensitined — Cyan coupler 
Filon Rave 
‘Aniitalo backing 























‘The positive materia o be mated With this negative has the following comtructions 
Red senitired’ — Magentis couplet 
| Ortho'semitized — Cyan coupler 


Goliohdal Yellow Filter 
Bine sensitive | — Yellow coupler 
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‘We are in possession of a black-and-white positive duplicate representing the blue 

Separation, and an original two-layer colour negative representing the groen and red 

. Ita the intention of the inventor that these two fllms shall comprise the 

The next stage is to proceed to make a frst generation, 

black-and-white duplicate negative from the “lavender,” atid thea) proseed, to 
Muplicate the two-layer colour negative upon w special positive duping material, 


‘Mayter Duplicating Material 








{Sensing ouplertncorpioate 
xtra ted Magenta 














;A print is made on this material which yields an iatermediate colour positive 
From this colour positive a new duplicate colour negative ia made on a material of 
similar structure to the postive master dupe but having the ‘euited eontraat 
sharacteriatics to yield a satisuctory colour negative, 


Release Colour Positive 
‘This fl is w three-layer material having the following unorthodox structure, 
i top layer is red sensitive, without green sensitizing, and contains a magenta 
‘coupler: the middle layer is ortho sensitized and contains a cvitn colour 
{fiupler Next In order comies the usual colloidal silver yellow filter, and the bottom 
layers biue sensitive only and contains a yellow eolour soupler 


Structre: 


























Sensitizing ‘Coupler Incorporated Filter Layer 
fing econmpeod lon) Magenta coupler 
Ortho | Gyan coupler | 
im \Colloidal silver yelow fil 
Blue semsitive only ‘Yellow coupler 
lie Fly Base 
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The duplicate two-layer colour negative is used to print tbe upper two layers and 
the black-and-white duplicate negative is printed upon the opposite side ofthe stock 
through the film bse, a blue fiter being employed to reatrict the printing light 
Aitictly to the blue region of the spectrum. 

‘Eliminating the duplication stages, the synthesis sind analysis would turn out to 
tbe as follows:— 


Original Subject tes Tale Tylor) | 




















it re meme ec) 


Buse sensitive Yellow 





—— | ve Ptr 


Ee mama 








Gereeet Resreduction RiseaT P TETST YT OTA) 


Provessing 
Davetorwen Tie-ranie 


Chmowaer* Sonex " Nicarive ayo Posmive 


St 








Total Time 


| oe (Mina. 


3 











saSeun 
SBxRSS; 
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Processing of the proposed negative and positive Chromatt “Tricolor ** nogative 
‘matetial will be similar to the “Simplex "* wo-colour negative ind positive. The 
inventor clains that duplicate colour negatives can be made of superior quality to 
ther colour negative-positive processes, but no evidence in support of this claim 
hhas been presented to the industry atthe date of writing. 


Remarks 

{t fs impossible at present to comment upon the advantages of disadvantages of 
‘these unusual multitayer lms since at the Lime of writing 100 litle work has been 
demonstrated to enable any reliable conclusion to be draven. ‘There would seer to: 
be no reason why the "* Simplex" ‘process should not be capable of soceptable 
‘two-colour prints, bot it is doublful whether the chim of the sponsors of this 
[process that "'the process produces considerably better results than any of the 
‘ipack processes row in commercial use" can, in fit, be upc, 


ALFACOLOUR 


(Alfa Photographic Laboratories, Lid., 
72, Wardout Street, London, W.1,) 


SoU eae, 
Camera —Normal, equipped with suitable pressure plate and bipack magazine, 
praeptracsirep copen hy 
Printing —* Duplitized " positive made by Gevaert, numely, coated on front and 

rear of film support, Obviously, registering pin step-by-step printing machines must 

‘be employed, 

Processing —By surface colour it, The orange-red colour develo, it 
ie tens dm he camera cl ep 
‘sound track (s printed on the cyan side, ‘This truck it claimed. to give normal reaults: 
‘with the standard phototubes. This must rate that the ‘cyan dye is an efficient red 
‘absorber, The definition is good and the volume level is said to be only slightly lower 
‘han that given by a silver track. 


Remarks 


Direct colour development as a procedure has not 40 fr given reliable resulls for 
‘motion picture processing, and It remains to be seen Whether the Alfa technicians. 
‘have anything really new to offer, A sinall laboratory ia in course of erection at 
Redhill, Surrey, England, 

‘The company forecasts the early production of « negative-postive multilayer 
three-coloutr process, This, hiowever, would involve the provision of very extensive 





‘emulsion coating plant not at present at the disposal of thi. y. The material 
would presunahly conform to the published specifications of negative and 
positive film. 
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RECENT LIGHTING EQUIPMENT 


GEC, Compact Sonrce Iilumiaators 

130/140 arp, (10.A1W') Expertmenaal * Compact Source Spotlight. This unit eon 
prises a 130amp. HLL Are Lamp body, but the internal mechanism is specially 
designed to accommodate the (0 kW, Compact Source Lamy. The 10 kW. lana is 
‘moulited vertically with a 20-in. diameter Presnel lens in front and a spherical 
backitg mirror behind the lamp- “ Simmering" mechanism is provided. \ Full 
‘lostricat and mechanical interlocks are provided to ensure safety to the Lamp and to 
the operator. The ballast retistance witl this unit is separate from the spotlight, but 
‘he starting mechanism (san integral par of the lump house. 

‘Two types of staring mechanism are available, one of the type where the lamp 
must be allowed to cool down before it can be restarted, the other, of the hot re> 
start type, where the lamp can he re-started Immediately, 

3S amp. 2b KV)" Compact Source Stuy Spotlcht. ‘Ths spotlight is a com 
pletely selfcontalned unit in thatthe ballagt and control mochanisnt forms an integral 
part ofthe himp house, and n (wir core cable fitted with w spider plug comes from the 
‘control pane, The 21 kW. lamp is mounted vertically with a 10 in. diameter Frese 
Jens in front of the famp and a spherical bucking mirror behind it. Full simmering 
Ww provided. Here wean, full electrical nnd mechanical (aterlocks ure provided 1 
ensure safety. 

35 amp. Ob KV)" Compact ** Source Stuuliy Floods, remate control type, These 
tunits ise the same lamp is the 35 amp. 25 kW.) Compact Source Studio Spotlight, 
Optically they are in every way similar to the manually operated types. With the 
remote control ip t0 alx units ean be inter-connested from one hand controller, and 
Jamp striking and shutter operatioo—d,, simmering and ful light outpat—are con= 
tolled from the one controller. ‘The number which can be remotely controlled fs not 
limited to 6; as many as are required for a particular set can be connected in banks of 
6 and remotely controlled, 

* Compact " Source Hand Torch, For burglary scenes and the ike. "The tore is of 
approximately the sane size a3 an ordinary torch, but accommodates a 125-watt 
‘Onramh Compact Source Lamp,_1t eantro! mechanism provides for antornalic sim 
ering, when the torch fx placed on the rest. 


MER Type 480 Ane (The Brute") 

‘The Amsérican Mole-Richirdsoy ntnp, nicknamod "The Brute," is distinguished 
bby an exceedingly high efiioncy: as compared with the Type 170 lamp, ux irene 
91 $0% In crren—tom 150 to 228 amps—increne the at opt he four 
ti 

‘A feature of the British model is that acess to the mochaion) 16 secured mot 
through doors in the lamap-bouse, bot by pivoting the whole of the mechanism towards 
the rear. An indication is provided showing when the positive carbon is nearing the 
‘20d of is in, by the flashing of « pilot lamp, which serves also as a polarity Indicator, 
‘The limp i fitted with » 24 in, Fresne! lens, 

‘Maintenance is facilitated by the easy removal of the mechani thom the lamp 
house. ‘The burning hours of lamp are indicated on a counter. 

Remote Control System! for Studio Lighting 

Mole-Richardson (Enyland), Lt, have Wemonstrated a system for dinuming a 

number of lights simultaneously by remote control consisting of shutters of the 
157. 
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Yenetian-blind type, mounted on each limp, provided with a mowor urive. “The 
‘system of operation resembles the Selsyn system, but operates on the D.C. of the ure 
supply. 


‘The control unit consists of « tapped resistor; tappings are connocted (0 appro 
priate poles in the sx-pole stator ofa small motor, within which » two-poke armature 
‘Totates, its movement exactly following the movement of the control contacts. 

A single hand control will operute six shutters, which may, of course, be on iamps 
of different types, or for example with diferenty coloured filets; further, a reversing 
switch on each shutter motor enables it to be either opened ot closed of the move- 
‘ment of the controler, so that a gradual changs of colour may be elected 

By means of a motor-driven controler, up to 200 lamps can be controled in gangs 
‘0F 0, ‘Furthermore, the shutters can be made 10 close instantaneously, anid may be 
‘operated by a practical switch on the set. 

‘A wnit has been constructed consisting of « spot ral fitted with fve studio lamps, 
comprising two M-R ‘Type 170 ares operating in series and fitted with automatic 
striking, one * Duare,” and two M-R Type 414 Senior Solarspot-lamps. Allarecon- 
trolled by means of contactors operated ftom a console on the Noor, providing 
remotely operated switching, dimming and colourchanging. 

Recent compact source lamps manufactured in England by this company are 1 
spotlight devaned io take a 10 or 3 KW. lamp. This remote consoled midges 
‘more light than the M-R Type 170 at 10 kW. The lamp may be struck, dimmed, 
Tocused and simmered ftom a small controller. Run-up tine is only 3 t9 4 minutes, 
tnd a restriking ciccuit enables the arc to be re-ignited i thas been switched off. A 
‘builtin motor contrats focus and another dimming shutter. 

‘A remote conicolled floodlight is designed for 5 10 25 KW, lamps, and at the 
former rating produces twice as much light asa * Du 


Maltiple HD. Lighting Equipment 

Multiple HLOD, Industries, Ltd, provide the Following lighting equipment: 

UAW." Compact Source Lamp, tn all-weather housing. This lamp is designed for 
maxinium flood, “Between the outside of the reflector and the outer casing, a con 
‘tinuous air circulation is maintained, thus achieving great efiiency in cooling, Tis 
‘operated by one switch which automatically allows. tine tag from the initial 
striking to the full capacity of the lamps, which varies from I to 24 mines. 

‘This unit also made using 42} kW. buh and is adaptable either as a sky-pan oF 
in standard 2 kW. spot 

10 kW. Lamp, Siailar in design and construction to the $.and 7) KW. models, 
{hese units have three switches atthe rear, the simmering, striking, and main. ‘The 
‘initial run-up period is approximately 15 minutes. ‘The oven, o¢ preheating arrange 
‘ment is automatically operated in each case from the min switch, With the euenlion 
of the ballast resistance, which is housed in a separate uni, elther on the stand of in 
lany convenient position on the floor or gantry, the whole of the’elestrcal and 
mechanical equipment is housed in tho rear of the' lamp, a patented feature of all 
Jamipa manufactured by this company, 

200 W. Streanilne Projector Housing. on Hight collapsible telescopic saul. The 
tical system comprises 3 in, Chance Frespel lens in conjunction wit a spherical 
mirror, The whole is extremely light, the total weight, including stand und 25 0 
cable, being only 101 The stand enabies the lamp to be ndjusted to a height of 10 7. 
with perfect safety, 

‘A 100-5. model is also manufactured of similar design und construction, but 
Incorporates 2 in, plato-convex lena, 
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